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HEllOS RADIOMETER EXPERIMENT 
PREFACE 
This report describes the development and fabricat'ion of a Flight 
Experiment Electronics Package. The equipment, Hel.ios Dual Swept Frequency 
Radiometer, was designed and buift by WTA to satisfy the needs of the Government 
as described in the Technical Specification contained in Contract NAS5-11396 
issued by the Goddard Space Flight Center to WTA on 17 March 1971. 
Included is a summary of activities, a description of the Radiometer, 
and other related information. 
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SECTION 1 
INTRODUCTIO N 
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1.1 SUMMARY 
" ., . 
A contract was awarded to WTA to design and produce a dual swept 
frequency radiometer system for use on the Helios Spacecraft. Under the provisions 
of the contract the following items were to be produced: 
a) Engineering test unit (ETU) Radiometer and preamplifiers 
b) Prototype 1 Radiometer and preamplifiers 
c) Prototype 2 Radiometer and preamplifiers 
d) Flight 1 Radiometer and preamplifiers 
e) Flight 2 Radiometer and preamplifiers 
f) Ground Support Unit (2 units) 
g) Test plans 
h) Engineering Drawings 
, ; 
, , 
.. 5 i) Calibration Data 
. . 
Contract No. NAS5-11396 WaS signed on 14 July 1971, and work 
WaS pegun immediately to develop a radiometer to meet the requirements of Spec-
ifieation No. S-693-P-2, "GSFC Procurement Specification for Helios Dual Swept 
Frequency Radiometer System" dated 29 July 1970 and the related requirements 
specified in GSFC Speclficatio~ for Reliability and Quality Assurance Provi'sion 
for Helios Project Instrument No. S-702-P-1A dated 7 August 1970. 
The technical specification was further modified by amendments 2 
and 3 to the basic contract. 
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1.2.1 Engineering Test Unit 
The design progressed through the theoretical, breadboard and 
ba~ic layout phases. From basic information and the results of many breadboards, 
an engineering test unit was fabricated that looked somewhat like the final product; 
this unit was demonstrated to GSFC personnel. There were faults in the equipment; 
however, integration into the spacecraft was necessary to aid in the redesign effort. 
The unit was integrated into the appropriate spacecraft at MBB in Munich, West 
Germany. During testing at WTA and during integration at MBB, tests showed that 
the unit needed to be redesigned to meet the technical and compatibility require-
ments. The major areas requiring redesign were in the preampl ifiers, log amplifiers, 
and detector. 
T\1,?se circuits were redesigned and tested and the new designs were 
integrated into the system prior to the manufacturing of Prototype 1. 
1.2.2 Prototype 1. The Prototype 1 Radiometer was constructed using the 
redesign resulting from the inadequacies noted in the ETU Test Program. The radio-
meter and preamps were delivered to GSFC for integration into the spacecraft. 
Mr. R. Weber, GSFC, supervised the installation into the spacecraft at MBB in West 
Germany during M~y 1973 - the unit worked in the spacecraft. The noise level in 
the spacecraft was not particularly high. All functions operated normally with the 
exception of one channel on the radiometer that fai led during Thermal Vacuum 
Testing_ During integration, MBB found that the circuit grounds and shield grounds 
were not completely separated; they are tied to each other with a 3.3 microfarad 
capacitor. The integration requirements required that there be no connection 
1-3 
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between the grounds. It was later agreed that a .01 mfd capacitor should be used. 
This. Prototype 1 unit was not changed but all other units were changed to .01 mfd. 
1.2.3 Prototype 2. The prototype 2 radiometer and preamps were de-
livered to GSFC in May 1973 cind integrated into the spacecraft at MBB in West 
Germany by WTA personnel in September of 1973. The unit worked well. The 
noise level was lower than on prototype 1. All channels and functions worked 
properly at the time of delivery; however, prior to launch, two oscillators failed. 
1.2.4 Flight 1. The fl ight 1 radiometer was acci dentally damaged during 
assembly by a Government representative. This damage resulted in one radiometer 
being left out of the unit. All other circuits and systems were operational. The 
unit was delivered with its preamplifiers to GSFC in March of 1974. 
1.2.5 Flight 2. The flight radiometer and preamps were fabricated and 
tested and presented to GSFC for acceptance. The unit was rejected primarily 
because the osci II at or CWTA manufactured) seals were suspect since some were 
found to be beyond the original specification limit. In addition, the flight 2 
(adiometer failed vibration tests five ti mes, ground connections in the IF amplifier 
PC boards and one connection to the mixer were broken, and one connection on 
the radiometer was suspect. The connection was replaced, the connection to the 
mixer was repaired, and the grounds were repaired and strappe-d with jumper wires. 
The radiometer subsequently passed vibration and Thermal Vacuum Testing. 
Flight 2 was integrated into the sp~,cecraft and tested at MBB, 
West Germany during March 1975. WTA personl.al were present and helped per-
1-4 
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form the testing. All functions worked properly. The noise levels in channels 
13, 14, and 15 of both radiometers were higher than before integration; this was 
confirmed by comparing computer printouts of noise levels of FI ight 1 to Flight 2. 
The noise levels on these two systems were comparable. MBB and GSFC personnel 
were notified of the facts. Integrated test data was delivered to GSFC personnel 
during March 1975. 
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SECTION 2 
RADIOMETER SYSTEM 
" 
I i 
I f 
; 1: 
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2.1 OPERATION OF SYSTEM 
The Radiometer System is designed to operate .inconjunction 
with an experiment computer know as the DPU. In its intended condition, all func-
tions are controlled by the DPU. 
Basically, a Radiometer system consists of two separate Radiometers, 
A and B, arranged so that one or the other can be commanded into operation. As the 
system is arranged, Radiometer B is always selected when power is initially applied 
to .the Radiometer System. Additionally, two preamplifiers are connected to a dipole 
antenna system and so arranged that signals in phase to both antennas are cancelled 
and signals out of phase are processed by the Radiometer. 
The Radiometer system is designed to process noise signals in the 
frequency band from 20 kHz to 3.00 MHz in 10 kHz wide increments. The tuning 
of the system is accomplished by switching the output of one of sixteen crystal-con-
trolled osci !Iators in the mixer, thereby allowing the Radiometer to sample approx-
imately 160 kHz of the band in 10 kHz segments. 
The dynamic range of approximately 90 db is accomplished by 
automatically switching the gain of the preamplifiers in three, 30 db ranges. With 
this arrangement, the RF section of the Radiometer sees only a limited dynamic range 
signal, about 40 db. 
The RF section operates at 21.4 MHz IF frequency and the local 
o$cillator frequencies range from 21.4265 to 24.400 MHz. The exact frequencies 
are listed in table 2-1. 
2-2 
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TABLE 2-1 
RADIOMETER OPERATING FREQUENCIES 
----
CHANNEL CRYSTAL FREQUENCY OPERATING FREQUENCY 
1 21.4265 MHz 26.5 kHz 
2 21.450 MHz 50.0 kHz 
3 21.465 MHz 65 kHz 
4 21.485 MHz 85 kHz 
5 21.515 MHz 115 kHz 
6 21.550 MHz 150 kHz 
7 21.595 MHz 195 kHz 
8 21.655 MHz 255 kHz 
9 21.740 MHz 340 kHz 
10 21.845 MHz 445 kHz 
: .' ' 
11 21.985 MHz 585 kHz 
12 22.165 MHz 765 kHz 
13 22.410 MHz 1.010 MHz 
- i. 
"- . 
14 22.720 MHz 1.320 MHz 
" 
15 23.680 MHz 2.280 MHz 
16 24.400 MHz 3.00 MHz 
" 2···3 
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The signal presented to the DPU is a log-compressed analog voltage 
and a range flag consisting of two bits. 
An internal non-redundant noise source can be switched by command 
into the preamplifier inputs and thereby effect an end-to-end system calibration. 
The Radiometer System provides a temperature monitor and two 
monitor and two voltage monitor outputs, a ±~ VDe monitor and a + 12 VDe monitor.· 
As a system, the radiometer operates in the following manner. A 
si9nal is picked up by the satellite dipole antenna and is presented to the preamplifier 
inputs. Since the received signal is assumed to be a noise function of some frequency 
di~tribution, only the 10 kHz wide portion around the operating frequency (the 
operating frequency is the difference between the local oscillator (LO) and the IF 
c~nter frequencies) is processed. The Radiometer then amplifies the noise signal, 
detects it with an ANI detector, and compresses it logarithmically. If the compressed 
output is within the operating range of about .5 to 4.5 volts, the signal and the 
indicated range are sent to the DPU. If the signal is outsi de these bounds, the 
R~diometer automatically selects the appropriate ~ange and sends the proper command 
to the preamplifier to adjust its gain. There are three discrete gain positions of the 
preamp I ifiers, 0 db, t30 db, and +60 db gain. These gain settings are automatically 
adjustable and cannot be set in any position by external signals. 
Upon command of the DPU, the Radiometer selects the designated 
LO frequency and will then process that selected noise spectrum and present a DC 
voltage in the range of .8 to 5.0 VDe to the DPU for further analysis and transmission 
from the spacecraft. 
2-4 
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THEORY OF OPERATION 
SECTION 3 
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3.1 SYSTEM BLOCK DIAGRAM 
A block diagram of the Radiometer system is shown in fi~ure 3-1. Minus gains 
refer to voltage losses. 
3. It, I Preamp. Signals from the antennas enter the preamplifiers through the 0 db 
input stage, the purpose of which is to effect an impedance transforma~ion from the very high 
antenna impedance to the lower levels used in the amplification circuitry. Thepreamplifier 
input impedance is approximately 10 megohms at very low frequencies with approximately 7.5 pf 
differential input capacitance. 
Attenuator No. I attenuates the signed at either 10 db or 40 db depending on the 
state of the command from the Radiometer. Following this is an identical stage of attenuation 
and gain. The output of the second 40 db amplifier drives a buffer amplifier that connects the 
output to a balanced 50 ohm output to drive the combined load of the interconnecting cable 
and the Radiometer input balun. 
The signals from the two preamplifiers are "subtracted" in the balun and, since 
the desired inputs are out of phase, the signal in the secondary of the balun is then the vector 
addition of the two preamplifier outputs. Each preamplifier has a relay in the input to switch 
in a cal ibration signal from the Radiometer. 
3.1.2 Balun. The balun provides a means of operating either Radiometer without the 
need for an elaborate switching network. The signal from the preamplifiers is always equally 
divided between the two Radiometer inputs. 
3-2 
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HEllOS RADIOMETER EXPERIMENT 
3.1.3 Mixer Local Oscillator. Following the balun is a matching network to provide 
the necessary impedance transformation between the balun and the mixer. The mixer provides 
the non-linear element necessary to convert the input;to the 21.4 MHz IF frequency. The local 
oscillator provides the offset frequency. The outputs of all 16 oscillators are connected in 
parallel but only one has power appl ied to it through the Radiometer frequency select logic. 
This common bus is applied to the mixer through a leveling amplifier which provides a constant 
level to the mixer regardless of the output level of the oscillator. This circuit arrangement 
reduces the requirements on the amplitude tolerance and the stability of the oscillators. 
3.1.4 Crystal Filter. The output of the mixer is coupled into the matching network 
and then into the 10 kHz wide crystal filter which has a center frequency of 21.4 MHz. These 
two frequencies were specified by GSFC. 
3. 1.5 IF Amplifier. Following the crystal filter is another matching network followed 
~y two IF amplifiers, each consisting of a Motorola Me 1552 integrated circuit amplifier and 
its associated cc,;nFonents. 
3.1.6 Detector - Log Amp. The detector which follows the second IF amplifier is an 
averaging detector using a current biased detection diode. The output of the detector is a linear 
function of input power. The desired output is a logarithmic function of input power; therefore, 
a logarithmic amplifier is uti lized to create an output voltage that is representative of power 
in db's. The output of the log amplifier is buffered and sent to the DPU. 
3-4 
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3.1.7 Output. The output of the Rac,:liome
ter is constrained at the upper limit by the 
+6 volt power supply and at the lower limit by
 the threshold noise (-0. 25V). This threshold is 
established by adjusting the IF gain to provide a noise floo
r that represents a positive output 
of approximately 100 to ,200 millivolts at Channel 1
 frequency. This threshold reduces to about 
50 to 100 millivolts at Channel 16. This freque
ncy roll-off is due primarily to the RC charac
teristics 
of the preamplifier input circuitry • 
3.1.8. Range Control Methods. The outp
ut of the log amplifier is also cannected to 
the range control ci rcuitry which consists of 
an upper and lower I imit comparator, logic, s
hift 
register, oscillator, and range logic. Depen
ding on the state of the comparators, a signal 
is 
sent to the shift regi$ter to shift to a higher or lower 
range, or do nothing, which happens in 
the case where the output signal of the log a
mplifier is greater than +0.5 volts and less tha
n +4.5 
volts. If that level exceeds +4.5 volts, a signal is
 generated that causes the shift register to 
advance in the direction that decreases the p
reamplifier gain. Conver.sely, if the signal d
ips 
bcrlow +0.5 volts, the shift register moves in t
he direction necessary to increase the gain. 
When 
t~e logic ranges to either the maximum or minimum gain and th
e output signal is still outside the 
above bounds" th: logic stops operating and t
he unit remains in the higher or lower state. 
3. 1.9 Noise. The noise source is comma
nded 1I0n ll by an external command from the 
DPU. Upon command, the noise source powe
r is applied and the two preamplifier relays sw
itch 
the noise signal into the preampl ifier input a
nd disconnect the antenna inputs. The noise 
is 
broad band and covers the desired frequency 
range of 25 kHz to 3 MHz. 
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3.2 RADIOMETER REDUNDANCY 
The radiometers, .. A" and "8", are commanded "on" at a time. Radiometer 
I' "8" will "on". After approximately 30 seconds (the time required to charge a capacitor), 
radiometer" A" can be commanded "on" or the system can be left in channel "'8" mode. 
3.2.1 Circuit Description. Each circuit of the radiometer is discribed; with the 
description is a circuit diagram and a photograph of one of the prototype or flight units. 
3.2.2 Preamplifier Circuit Description. The preamplifier is supplied with :'6 VDC 
power from the power relay. The input is connected (see figure 3-2) to either the antenna 
or noise source by relay K1. Input resistor RSO is normally 2K; the resistor is mounted on 
standoffs so that it ccm be changed to some other value if desired. The signal is buffered 
by a F. E. T., Q1' in a bootstrap circuit, so that the input circuit appears as many meg ohms 
shunted by approximately 7.5 p. f. The output of the F. E. T. presents a low impedance to 
the 1st gain change network. Q 2 and Q3 help to stabil ize the output of Q1 over its full 
operating voltage range. The network C6, C9, C42, ClO, Cll, C13, R12, R16, R17, and 
RIB make up the gain changing pad. When Q4 is "off" the gain is -10 db and when Q4 is 
: '. lion" the gain is -40 db. 
. . 
The output of the gain changing pad #1 is connected to ampl ifier ~ l' No. 2 
: , is an operational amp I ifierwith compensating components designed to reduce temperature 
: : 
1. 
! f 
effects on the ampl ifier. The gain of ~1 is 40 db. 
The output of ~1 is attenuated by the second gain changing pad. This pad is 
; ~ I ike the first one. Gain change is accomplished by operating QS' The signal is attenuated 
, 
: . by either 10 db or 40 db depending on the state of QS' 
The output of h2 is ampl ified and attenuated by a wide range high level ampl ifier, 
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Q61 Q71 Qat Q9, Q1O' Qj I, and Q12. lhe net result is a linear amplification in 3 
ranges of +50 db to -40 db that is flat from 25 kHz t03 MHz and provides ~ 50 ohm output 
to the coax cable that feeds the bal un. 
The preampl ifier is packaged on 2 printed circuit boards and housed in a GFE 
box. Figures 3-3,3-4, 3-5 show each board and installation in the box, respectively. 
3.2.3 Balun, Mixer and Crystal Filter Circuit Description. Balanced signals from 
each preamplifier are supplied to the balun T1• The input to the balun is resistively matched 
to the 50 ohm coax to effect maximum power transfer. 
Each preamp feeds the balun 1800 out of phase, with respect to the opposite 
preampl ifier, so that only those signals or components that are 1800 out of phase at the preamp 
inputs will be amplified. Signals in phase will be cancelled. The physical arrangement of 
the balun is shown in figure 3-6. The balun transformer and matching resistors are contained on 
a single PC board #PC732. (figure 3-7) 
This output of the balun is sent unbalanced to either radiometer A or B. This 
output is reactively matched to the balanced mixer M. The output of the mixer is reactively 
coupled to the crystal filter. Since the filter impedance is high (i.e. 750 ohm), an auto-
transformer tuned with C49 and C25 provides the matching at 21.4 MHz. 
The operation of the mixer is such that a local oscillator input of constant ampli-
t~de and se lectable frequency is mixed with the input to produce a 21 .4 MHz ±5 kHz output. 
The input frequencies range from 25.5 kHz to 3 MHz. The local oscillators are on the high side 
and range from 21.4265 MHzto 24.4 MHz. Since the input is quasi-random noise, the output is 
a noise spectrum that is flat at least over the 10. kHz of interest. The physical arrangement of 
the mixer and its associated components is shown in figure 3-a; all components are mounted on 
a PC board #pC 721. 
I 
I 
i , 
t • 
HEllOS RAD IOMETER EX PERIMENT 
_ _ ~' ''''TAL AGE 
POOR QUALl'riI 
-
0-
o 
Q) 
d: 
a 
-o g 
...J 
~ 
C QJ 
5 g-
o 
U 
. 
M 
I 
M 
QJ 
.... 
~ 
.~ 
LL 
3-9 
· . 
HEllOS RADIO TER EX PERIMENT 
O ......... 'J.LL~ 
0 , 
0-
E 
o 
. t) 
ct 
~ 
o 
u 
oS 
3- 10 
HEllOS· RADIOM TER EX PERIMENT 
o 
.... 
.s 
N 
" c: 
' 0 
-
a. 
E 
o 
q) 
d: 
. 
10 
I 
M 
q) 
... 
:J 
.~ 
U. 
3- 11 
J 
] 
II 
I, 
U 
HEllOS RADIOMETER EXPERIMENT 
N 
~ 
U 
a.. 
c 
;:) 
cS 
e 
0 
4: 
· 0 
8 
-J 
... 
c: 
~ 
c 
&. 
. E 
0 
U 
• 
-0 
I 
M 
~ 
... 
;:) 
.!? 
u-
3-12 
w , 
-w 
", , 
r c= 
'1IA/.lPUPlll A~ ~ 
PIIAMPU"lI'~ ~~ 
~ MIXER ~ ~ 'ILUR ~ Jam 
,-. ±ct,,! ;-L-.--"'T • .,... . ..... 
. , 
-- -. - - --- -wr9.nE~- - ---
. ..6V 
_...J 
• 
~ QClLLATQI ..,> .... -----1 
Figur. 3 ... 7.1 Schematic Diagram (PC 732"), Mix. (PC 721), 
, and Crystal Filter -::. 
:L 
m 
!:: 
o 
VI 
~ 
o 
Q. 
~ 
m 
~ 
;Ia 
S< 
riI 
;Ia 
~ 
m 
Z 
~ 
... 
HEllOS RADIOMETER EXPERIMENT . 
ORIGINAL AGE 
OF :POOR U 
3-1 
HEllOS RADIOMETER EXPERIMENT 
The filter is a monolythic crystal filter manufactured by Reeves Hoffman in Mt. 
Holly, Pa. The unit has a 10kHz band width and steep slopes on each side of the bandpass. 
These characteristics of the filter are only realized if the input and output are properly matched 
to 750 ohms. This matching is done in the mixer board and in the IF amplifier board. The 
crystal filter is shown in figure 3-9 • 
IF Ampl ifier Circuit Description. The IF amplifier operates at 21.4 MHz and 
pliovides enough gain to properly operate the detector. As previously mentioned, the input 
must provide an impedance of 750 ohms for the crystal filter. This is accomplished by L4r C50' 
and R23' The signal is ampl ified by two cascaded ampl ifiers, A3 and A 19; these ampl ifiers are 
Motorola MC 1552 units externally compensated to be stable over the required temperature 
range. The unit is contained on a single PC board #PC 784 (see figure 3-10). The schematic 
diagram is shown in figure 3-11 • 
3.2.5 Defector Circuit Description. The detector works well when detecting a signal 
composed of mostly noise. The input (see figure 3-12) is matched to Q20 by the capacitors 
C25 and C26 and the choke L6. Proper bias is provided by a resistor divider network. The 
undetected signal! i. e. 21.4 MHz, is amp I ified by Q20 and further ampl ified by Q21. Resistor 
R29 provides negative feedback to energize and stabil ize the ampl ifiers. The ampl ifiers are 
. tuned by an LC tank circuit. Tuning is accomplished by spreading or compressing th: turns 
Qn the toroids (L5 1 L6, L7). The output is detected by diode CR4 and suppl ied as a DC vol tage 
at the output. The unit is located on PC #785 (see figure 3-13). 
3.2.6 Log Ampl ifier Circuit Description. A log ampl ifier is used to produce an output 
that is the logarithm of the input. The input operates from 4 mill ivolts to 500 mill ivolts and 
produces an output that varies from 1 V to 5V. The log action is provided in the feedback loop 
of A, (see figures 3-14 and 3-15). 
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The input is coupled into the inverting input of the amplifier through R32 and RS5 ' 
Offset correction is provided by R34 and R36i these resistor val ues are determined at test and are 
rtormally 5.1 ohms. Transistor QlOA is in the feedback path of A7. Th~ base emitter junction 
becomes a feedback resistor whose resistance is the log of the current flowing through it. 
Transistor Q 11 helps to make the transfer characteristic exactly logarithmic. The output voltage 
i 
i~ therefore the log of the input voltage. The other half of the transistor QlOB is used as a diode 
t? compensate for the residual effect of Q10A' Ampl ifier AS provides a convenient place for 
temperature compensation. The TBD thermistors are chosen to provide offset (or drift) stabil ity 
(Rl0l, R102) and gain stability (R103, Rl04). 
The output of AS is delayed by a 3 ms time-constant and is ccnnected to the 
range logic. The same output is also delayed by S ms and is supplied to telemetry via a unity 
gpin ampl ifier A9 • Both outputs are a log representation of the input. 
3.2.7 Range Switching Circuits Description. Range switching circuitry is arranged 
on PC boards 727, 72S and 726. Since operation of all the circuits is interrelated all will be 
discussed together{see figures3-l6, 3-17, 3-1Sand 3-19). The input to the comparator is 
connected to pins 3 and 2 of A 17 and A1S respectively. These amplifiers are connected as 
comparators and biased at +.S volts for A1Sand +4.5 volts for A 17• When the voltage increases 
above +4.5 volts (up range condition), a posHive spike occurs on its output and tells the. logic 
to increase. When the voltage falls between 4.5 volts and. S volts the output is a negative 
spike which does not operate the logic. When the voltage decreases below +. S volts, a 
positive spike is produced from A1Si this tells the logic to decrease. Selection of R65 , R66 
and R67 is made to assure that 2 db or more of hysterisis is provided to keep the system from 
oscillating from one range to the other. The logic transformation is done in integrated circuit 
numbers A91 A 10' A 11 I A 12' A 13' A 14' A 15 and part of A 16' Two of the gates of A 16 are 
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used as a clock to control the logic. The A 15 gates are input gates; All' A 12' A 13 and 
A 14 provide non-ambiguous output to the counter A 10. The range outputs are buffered by 
A9 and connected to the telemetry range flags and preamps to provide range switching. 
3.2.8 Oscillator Circuit Description. Local oscililator power for the mixer is provided 
by 16 identical oscillators timed by a separate crystal for each channel. The oscillator fre-
quencies are shown in table 3-1. 
All oscillators are the same and are packaged in flat packs using hybrid circuitry. 
The circuit is shown in figure 3-20. The gate transistor Q1 controls the operation of the 
oscillators. The oscillator transistor, Q2 is tuned by an external crystal and the tank circuit 
L1' C3 , C4 and C5' 
The oscillators are connected together as shown in figure 3-21. Component 
location is shown in figure 3-22. All outputs are common. Logic inputs to operate the 
oscillators one at a time are the C and D inputs plus the gate input for each oscillator, 1 
through 16. To operate, the oscillator must have +6 volts and ground applied through a 
proper combination of C and D and the gate for the oscillator must be turned "on". 
The logic for turning "on" the oscillators is shown in table 3-1. The circuitry 
is located on the I;og amp board No. 729 (see figure 3-24). 
The logic table for the oscillators is shown on the following page. 
3-28 
H lOS 10 
3-1 
O SCI LLATO OG IC ABL 
Chann I A C D 
1 1 1 + + 
2 0 1 + + 
3 1 0 + + 
4 0 0 + + 
5 1 1 0 + 
6 0 1 0 + 
7 1 0 0 + 
8 0 0 0 + 
9 1 1 + 0 
10 
v 
0 1 + 0 
11 1 0 + 0 
12 0 0 + 0 
13 1 1 0 0 
14 1 0 0 0 
15 0 1 0 0 
16 0 0 0 0 
3. 2.9 AGC Amp li fier Circuit Description. The outputs of all 16 oscillators ar 
tied together at a common point. The AGC amplifier takes this output and provides a constant 
input level to the mix r. The circuit is shown in figure 3-25. Compo en arrangement is shown 
in fig ure 3-26. Th input is ampli fied at its operating frequency of 21 . 265 MHz 0 24.4 MHz 
and, detected by diode CR3 , CR4 , amplified by A2, and fed back ~o a FET connected as a 
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variable resistor to control the AGe gain. The unit is set up to give an output of 1 mill
iwatt by 
selecting R6 to give the proper outpu t. 
3.2.10 Noise Source Circuit Description. The noise source is used in the system to
 
provide a cal ibration signal to the input of the radiometer. The output is essentially flat
 in 
frequency from 26.5 kHz to 3 MHz and beyond 0 The circuit is shown in figure 3-27. Co
m-
ponent arrangement is shown in figure 3-2a. 
The noise diode CR1 provides the broad band n
oise when reverse biased by the 
+ and -6 VDC supply. The output frequency response of the diode is shaped by an RC fil
ter, 
R48-52 and C 18-21 • 
Amplification is provided byA 1• The signal is attenuated by RlO and Q5' 
further ampl Hied by Q6' Q7' and Qa' and attenuated again by R25 and Q9' 
The output is connected to a transformer T 1 and coupled to each preamp 
1aOo out of phase as requ ired. 
The levels of noise output are.chosen so that the initial output with both 
attenuators energized will fall at the top of range 3. By turning A "Off" the level decreases 
to the bottom of range 3. By turning B "offl! the level should be in the middle of range 
2. 
By turning off both A and B the level decreases to the middle of range 1. These levels are 
approximate and are given fo provide fixed cal ibration points to each range and each ch
annel. 
3.2.11 Switching Cicuit Description. Switching is provided for + 12 volt power 
and ±6 
volt power to all circuits. In addition, all input commands are buffered and used to ope
rate 
the radiometer. The switching circuits are contained on PC boards 725 and 723. 
All command inputs are buffered by balanced FET inputs as shown in figure 3-29 
(component arrangement is shown in figure 3-30). All input amplifiers are the same as the 
noise level amplifier. 3-37 
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Figure 3-29. Schematic Diagram, Switching Circuit (PC 723 and PC 725) 
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Noise source switching is accomplished by the four inputs N 1, N2, N3 , and 
N4 and the logic action of diodes CR7, 8, 10, 14, 16, 17, and 18. The two outputs A and 
Bare used to provide the required outputs. 
The redundancy command is used to switch from radiometer B to A and from A 
to B. When the radiometer is first turned "on" and no redundancy command is appl ied, Q 3 
will provide power to radiometer B through Relay K1. When a command is received, Q3 will 
release and Q4 will conduct, causing power to be appl ied to radiometer A. The unit can be 
switched from A to B or B to A as required. If power is applied initially to A, the Kl relay 
may jam. If both Q3 and Q4 come on at the same time, the Kl relay will not close in either 
position. To alleviate this condition, one must operate the command input to B. In this
 
position the circuit will stabil ize with Q3 "on" and Q4 Ibff". The time constants of CS' RS' 
C 10, and R 15 are 10 seconds. To ensure that the circuits have stabil ized, one must keep the
 
command B c~rcuit energized for at least 20 seconds, then one may switch from radiometer to 
radiometer without fear of malfunction. 
The oscillator commands A, B, C, and D are buffered and connected to the 
oscillator switching as previously described. 
3.2.12 Intra-System Connections. To facilitate understanding and analysis, a foldout
 
figure 3-36 (figures 3-37 and 3-38 show two views, A and B, of an assembled radiometer) is 
provided at the end of this report wh ich shows how all circuits are connected within the radio-
meter. 
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3.3 OPERATING INSTRUCTIONS FOR HEllOS GROUND SUPPORT EQUIPMENT 
The operating instructions prepared for use with the GSE are a part of this 
section. These instructions describe the equipment and its operation. Two photographs are 
included: The front pane I (operating position) is shown in figure 3-31 and the inside of the unit 
is shown in figure 3-32. 
3.3. 1 Ground Support Equipment. The Helios Ground Support Equipment provides all 
power, signals and commands necessary to operate the dual swept radiometer in all modes of 
operation. It is capable of being externally controlled by the DPU and monitored by computer. 
3.3.2 
3.3.2. 1 
3.3.2.1.1 
Functional Description. 
Radio Frequency Section 
Wide Band Mode. In the wide band mode a high-level, wide band noise signal 
is produced in the noise source module. This signal is coupled through an attenuator to the 
model switch, 
3.3.2.1.2 Narrow Band Mode. !n the narrow band mode, the noise signal from the noise 
source module is coupled through a resistive divider .to a bandpass fi Iter with a center frequency 
of 8.0 MHz and a bandpass of 40 kHz. The outpui of this filter is injected into the RF port of a 
mixer where it is heterodyned with an L.O. signal brought to the mixer from an external source 
through a resistive divider. The output of the mixer is fed toan ampl ifier located in the noise 
source module. This amplifier signal is then coupled to the mode switch. 
3.3.2. 1.3 Sine Wave Mode. In the sine wave mode, an external signal is brought through 
an attenuator to the mode switch. 
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3.3.2.1.4 External Mode. In the external mode, an external signal is brought di
rectly 
to the mode switch. 
3.3.3 Power Section. The power section monitors the currents and voltages t
hat power 
the radiometer. The GSE power lion" switch turns power on to the GSE to allow warm
-up of 
the noise source. The radiometer switch controls power to the radiometer. The ± 6 vo
lt lines 
can be monitored for voltage with the DVM on external with a patch cord. The reset 
push-
button resets all the internal automatic timing circuitry to the start of the cycle. 
3.3.4 Clock Section. The clock section controls the timing of the radiomete
r. Three 
different clock rates are provided for se lection of the optimum rate for the test to be p
erformed. 
In the normal mode the radiometer will step one channel each time the manual step sw
itch is 
.depresse d. 
3.3.5 Frequency Section. The frequency section controls and displays the int
ernal 
frequency of operation in the radiometer. The CHANNEL monitor decodes the four-li
ne 
command going to the radiometer and displays the channe I number in operation. 
The radiometer A/B switch commands the redundancy switching circuit in the 
radiometer to turn on the respective radiometers. 
The control DPU/INTERNALswitch selects the source of control for trye radio-
meters oscillators. On INTERNAL, the oscillators are stepped with the clock. On D
PU, four 
control lines from an external source directly control the channel selection. 
3.3.6 Cycle Selection Section. The CYCLE/STEP switch controls the number
 of 
complete oscillator cycles (16 CHANNELS/CYCLE) before the attenuation changes. 
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3.3.7 Calibration Section. The CALIBRATE block produces the calibrate commands 
to initiate the calibration cycle of the radiometer using its internal noise source. 
To initiate a calibrate command, the switch is depressed and released. With 
the calibration switch in the AUTO position, the GSE unit will cycle through all sixteen 
channels at each of the four noise levels and then terminate. By throwing the CAL switch 
to MANUAL, the noise source can be stepped manua.lly with the MANUAL STEP. 
Throwing the CAL HOLD/CAL CMMD switch to CAL HOLD will hold the 
radiometer in calibrate until the switch is released to the center position at which time the 
cycle will then finish the normal sequence and terminate. 
Four lamps indicate the particular command being sent to the radiometer; 
these lamps illuminate only during a calibration cycle. 
3.3.8 Stimulus Control Section. The STIMULUS controls the internal and external 
signal (noise) sources and levels used to stimulate the radiometer. The source levels can be 
controlled either manually or automatically. 
The STIMULUS selector switch selects the desired source. The WIDEBAND 
NOISE is a direct output from the internal noise source. The NARROW BAND NOISE is a 
shaped signal 40 kHz wide and centered around the channel in use. The SINE WAVE is a 
sine wave tuned to the channel in use. The EXTERNAL position allows the use of any other 
desired generator. 
The se lected source is routed through the two attenuators. The automati c 
attenuator has a range of 129 db in 1 db steps and the MANUAL ATTENUATOR has a 70 db 
range in 10 db steps. The automatic attenuator can be controlled manually by use of thumb-
wheel switches. The ATTN SWITCH selects the c1esired rnode of attenuation. 
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In the AUTO position, the attenuator steps every time the channels complete 
a complete cycle (16 positions). The number of db/attenuator steps is set with the DB/STEP 
thumbwheel switch. 
The ATTENUATION,. DB indicator always shows the setting of the auto 
attenuator independent of the operating mode. 
The network selector selec..ts the desired network to condition the signal as it 
enters the preamp. A lamp indicates that the re lays in the network are drawing power. 
3.3.9 Radiometer Monitor Section. This section monitors the outputs of the radio-
meter -ond recc.)rds !he tgtd experiment operating time.' Th@ DVI' ... '1; when ON H~TERI'"L~l, 
m,::>nitors the output of the c~mmanded radiometer (A or B). On EXI, any DC voltage can be 
monitored with the use of test leads to the EXT IN jacks. The DVM TC switch filters the 
input signal with an RC time c,onstant . 
. The output of radiometers A and B are available for connection to external 
equipment. The TEMP monitor provides g connection to the thermister in the radiometer. 
Four lamps indicate the range in which the radiometer is currently operating. 
The e lapsed time meter (ETM) records the operating time of the radiomel'er. The meter is "on" 
*hen the TIMER ON lamp is illuminated. The ETM will come "on" only when the radio-
meter is connected and drawing power. Thus, if the radiometer power switch is lion" and 
the radiometer is not hooked up the ETM will not run. 
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TABLE 3-2 
GROUND SUPPORT EQUIPMENT CONTROLS 
Control 
Poweli 
RADIOMETER - ON 
GSE - ON 
RESET 
Clock 
RATE 
STEP 
AUTO/MANUAL 
Frequency 
CHANNEL 
RADIOMETER 
CONTROL 
Function 
Applies power to the radiometer when 
the GSE switch is 'bn'~ 
Turns power 'bn"for the GSE and enables 
the radiometer "on" switch. 
Resets the GSE to the beginning of all 
automatic cycles (CHANNEL SE LECT, 
CALIBRATE, AND ATTENUATOR). 
Selects GSE clock frequency for 
sequences. 
Manually steps channels one at a time. 
Selects method of stepping channels. 
Shows channel number selected. 
Selects radiometer to be powered. 
Selects control method for channel 
stepping. 
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Control Function 
Cycle 
CYCLES/STEP Selects the number of complete channel 
cycles before attenuator or noise 
ca Iibration steps. 
Calibrate 
Nl-N4 Shows the calibrate command that is being 
sent to the radiometer. 
, 
CAL Selects either automatic or manual stepping 
of noise commands. 
CAL CMMD/CAL HOLD Generates a calibration command or holds 
radiometer in calibration. 
Stimulus 
ATTENUATION, DB Shows setting of automatic attenuation. 
ADDITIONAL ATTENU- Se lects attenuation additiona I to auto 
ATION 
attenuation. 
, MANUAL ATTENUATION Se'lects attenuation in manual mode by 
I 
I 
use of thumbwheel switches. 
INtERNAL NOISE Turns GSE noise source lIon ll or. II off • II 
~ . 
ATTN Selects the method of control for the ~ , 
i , 
I' 
programmable attenuator. , 
DB/STEP Selects db step size in the automatic 
mode. 
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Control 
Selector 
Relay Selector 
RELAY CURRENT 
Radiometer Monitor 
DVM 
EXTIN 
DVM INT/EXT 
DVM TC 
TIMER 
TIMER ON 
A OOT, BOUT 
Temperature 
Function 
Selects the stimu Ius source. 
Selects the network in calibration cans. 
Indicates power being drawn by relays 
in calibration assembly. 
Supplies digital readout of DC voltages 
on radiomel'er outputs. 
Inputs of DVM. 
Selects internal or external connection 
to DVM. 
Selects time constant of input filter 
on DVM. 
Elapsed time meter for radiometer 
running time. 
Indicates when the timer is running. 
Outputs of radiometer. 
Radiometer thermister connection ~ 
Range of radiometer automatic gain 
circuit. 
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3.4 OPERATION 
Operating FREQUENCY Determination 
Step 
1. Set up test equ ipment as shown in Figure 3 -33. 
2. Set signal generator output to 1 V rms. 
PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW: 
CLOCK SECTION 
3. RATE to X10 
4. AUTO/MANUAL to MANUAL 
FREQUENCY SECTION 
5. RADIOMETER to A 
6. CONTROL to INTERNAL 
CYCLE SELECTION SECTION 
7. Set to one 
, STIMULUS CONTROL SECTION 
! ; 
i . 
8 . INTERNAL NOISE to OFF 
. j 
I ' 9. INPUT SELECTOR to EXTERNAL 
10. MANUAL .11.TTN to 60 db 
11. ATTN to MANUAL 
, 
12. ADDITIONAL ATTENUATION to 0 
RADIOMETER MONITOR SECTION 
13. DVM to INT 
14. DVM TC to 0 
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Step 15. Turn radiometer power on 
., 
16. Verify CHANNEL 1 ON 
.~. 1 . r, 17. Verify attenuator ot 60 db 
18. Adjust signal generator to frequency 1 
19. Adjust frequency for a maximum reading on DVM 
20. Record frequency and DVM level 
21. Decrease signal generator amplitude by 3 db 
22. Record DVM level 
23. Return signal generator to original amplitude, as in Step 19. 
24. locate frequencies above and below original frequency which show the 
same DVM level as in Step 21 - Record frequencies 
25. Add frequencies and divide by 2. Record on data sheet 
26. Depress step button in clock 
27. Repeat steps 16 through 26 for frequencies 2-16 
28. Repeat steps 16 through 27 for radiometer B 
3.4.1. Signal Response - WIDE BAND NOISE 
Step 
1. Set-up test equipment as shown in Figure 3-34 
PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW: 
CLOCK SECTION 
2. RATE to XlO 
3. AUTO/MANUAL switch to MANUAL 
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FREQUENCY SECTION 
4. RADIOMETER to A 
5. CONTROL to INTERNAL 
CYCLE SELECTION SECTION 
6. CYCLES/STEP to 1 
STIMULUS CONTROL SECTION 
7. ADDITIONAL ATTENUATION to 0 
8. Selector switch to WI DEBAND NOISE 
9. ATTN switch to AUTO 
10. INTERNAL NOISE to ON 
11. DB/STEP to 03 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
RADIOMETER MONITOR SECTION 
DVM to INT 
DVM TC to 0 
Turn RADIOMETER power ON 
Verify TIMER ON lamp illuminated 
Record reading on elapsed time meter 
Depress RESET 
Record reading on DVM 
,19. 
20~ 
Depress STEP switch and verify 'GSE channel indicator goes to next channel 
Record reading on DVM 
21. 
22. 
Continue steps 19 and 20 for all 16 channels 
Verify ATTENUATION, DB c1-a nges 3 db 
3-54 
Step 
"' '} . 23. Repeat steps 19 through 22 until attenuator resets to original . 
reading (129 db) 
<~4. Repeat steps 17 through 23 for RADIOMETER B 
. , 
, 125 • If no more tests at this time, turn off radiometer power and record . .:: 
elapsed time meter reading 
3.4.2. Signal Response - NARROW BAND NOISE 
Step 
1. Set-up test equipment as shown in Figure 3-35 
~ ~';PLACE .GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW: ., 
" 
a.OCK SECTION 
2. RATEtoX10 
3. AUTO/MANUAL switch to MANUAL 
FREQUENCY SECTION 
4. RADIOMETER to A 
5. CONTROL to INTERNAL 
CYCLE SELECTION SECTION '"" 
6. CYCLESjSTEP to 1 
STIMULUS CONTROL SECTION 
7. ADDITIONAL ATTENUATION to 0 
8. Selector switch to NARRO~N BAND NOISE 
9. ATTN switch to AUTO 
10. INTERNAL NOISE to ON 
11. DB/STEP to 03 
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RADIOMETER MONITOR 
12. DVM to I NT 
13. DVT TC to 0 
PLACE SYNTHESIZER CONTROL SWITCHES IN THE POSITIONS 
INDICATED BELOW: 
14. Set 10 MHz, 1 MHz, 100 kHz, 10 kHz, 1 kHz, and 100 Hz decades to R 
15. Set 10Hz and 1 Hz decade to 0 
16. Push CAD OFF 
17. Set output vol ts to 2 V 
18. Turn RADIOMETER power ON 
19. Verify TIMER ON lamp illuminated 
20. Record reading on elapsed time meter 
2l. Deploess RESET 
22. Record reading on DVM 
23. Depress STEP switch and verify GSE channel indicator goes to next channel 
24. Record reading on DVM 
2-5. Continue steps' 23. and 24 for all 16 channels 
26. Verify ATTENUATION, DB changes 3 db 
'27. Repeat steps 23 through 26 until attenuator: resets to original 
reading (129 db) 
28. Repeat steps 21 through 27 for RADIOMETER B 
'·29. If riO more tests at this time, turn'bff'radiometer power and record elapsed 
time meter reading 
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Signal Response - Sine Wave 
1. Set-up test equipment as shown in Figure 3-35 
,PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDICATED BELOW: 
CLOCK SECTION 
2. RA TE to X 1 0 
3. AUTO/MANUAL switch to MANUAL 
FREQUENCY SECTION 
4. RADIOMETER to A 
5. CONTROL to INTERNAL 
CYCLE SELECTION SECTION 
6. CYCLES/STEP to 1 
STIMULUS CONTROL SECTION 
7. ADDITIONAL ATTENUATION to 0 
8. Selector switch to SINE WAVE 
9. ATTN switch to AUTO 
10. INTERNAL NOISE to ON 
11. DB/STEP to 03 
RADIOMETER MONITOR SECTION 
12. DVM to INT 
13. DVM Te to 0 
PLACE SYNTHESIZER CONTROL SWITCHES IN THE POSITIONS INDICATED 
BELOW: 
14. Set 10 MHz, 1 MHz, 100 KHz, 10 k.Hz, 1 kHz, and 
, 
15. 100 Hz decades to R 
16. Set 10Hz and 1 Hz decade to 0 
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17. Depress CAD OFF 
18. Set output volts to 2V 
19. Turn RADIOMETER power ON 
20. Verify TIMER ON lamp illuminated 
21. Record reading on elapsed time meter 
22. Depress RESET 
23. Record reading on DVM 
, 24. Depress STEP switch and verify GSE channel indicator goes to next channel 
25. Record reading on DVM 
26. Continue steps 24 a.nd 25 for all 16 channels 
27. Verify ATTENUATION, DB changes 3 db 
28. Repeat steps 24 through 27 until attenuator resets to original 
reading (129 db). 
29. Repeat steps 22 through 28 for radiometer B 
.30. If no more tests at this time, turn'bff'~adiometer power and record 
elapsed time meter reading 
Internal Noise Calibration 
1. Set-up test equipment as shown in Figure 3-34 
PLACE GSE CONTROL SWITCHES IN THE POSITIONS INDiCATED BELOW: 
CLOCK SECTION 
2 • RA T E to X 1 0 
3. AUTOjtv1ANUAL to MANUAL 
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FREQUENCY SECTION 
4. RADIOMETER to A 
5. CONTROL to INTERNAL 
CYCLE SELECTION SECTION 
6. CYCLES/STEP to 1 
CAUBRA TE SECTI ON 
7. CAL to AUTO 
RADIOMETER MONITOR SECTION 
8. DVM to INT 
9. DVM TC to 0 
10. Verify RADIOMETER power ON 
11. Initiate CAL CMMD 
12. Verify channel monitor on channel 1 
13. Record DVM reading 
14. Depress STEP switch and verify channel monitor steps to next channel 
15.- Repeat steps 13 and 14 for all channels 
16. Verify calibrate noise lamp N4 extinguishes and N3 illuminates 
17. Repeat steps 13 tl,rough 16 for all noise levels 
18~ Verify noise level lamps all extinguished at end of cycle 
19. Repeat steps· 11 through 18 for radiometer B 
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Figure 3-33. Test Equipment Set-Up, Operating Frequency Determination 3-60 
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HEllOS GROUND 
SUPPORT EQUIPMENT 
I 
50 ohm Terminator 
50 ohm Terminator 
I 
PREAMP A PREAMP B 
I 
RADIOMETER 
Figure 3-34. Test Equipment Set-Up, Signal Response - Wide 
Band Noise and Internal Noise Calibration 
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SECTION 4 
PARTS LIST 
4-1 
Til le 
JlJJi;;;;g HELlOS PREAi: P RADIOMETER Pl J.436-F2002 A , . EXPERIMENT 5C PC716 ~ 
'''~II''Gl 0-': TECII'iOLOGICAL ASSOCIATES, IN C. Symbols I 
, .. , " OLL; "' ~ "'\oFN · E, ROCKVIL.l.E, .... RyLAND 2OeS2 $Il I 
S.,"",,'.,., _, Q~t. S'1S1".s c:.r,c."'CM T -TOTAL QUA .. TITY O't RECURRING ITEM Ie - SOUIICE CONTIIOL Di<G Owt 
•• IIUL.I< MA l'E"'AL $PC -_C.FIc;ATION CONT"Ol. 
find Qly Sym Code Panor OesOolplia. Spec. Note No. Req'd IcMnt Identifying No. 
1 1 CKR05BX560KS Capacitor, Cl Mll-C-390104/1 
2 3 CYR41E5R9FPS CaPOcitor 0 C6 C32 Mll-C-39014/2 
3 5 CKR06BX1OSKS Capacitor, C3, CI1, C16 C18, C23 Mll-C-39014/ 2 
4 6 CKR06BX103KS Capacitor, C14, CIS, C20, C22, C27, C29 M Il-<:-3901 4/2 
5 • CSRI3G225KS Capacitor CI9 01 06 C28 Mll-<:-39003 / 1 
6 4 CKR06BX473KS Capacitor C4, C9 M Il-C-39014/2 
7 2 CKROSBX540KS Capacitor C30 C31 Mll-C-390lo4/1 
8 9 CKROSBX I 04KS Capacitor, CS, C7, C9, CIO, C12, C13, C24, as, 07 Mll-C-39014/1 
9 I CKROSBX 102KS CaPOcitor C17 Mll-<:-39014/1 
10 • CYR41E FPS Capacitor, C33, 04; C35, 06 Mll-<:-
II 2 PI7(0I)ISIS6R-KIO Capacitor, C38, 09 I ~~~~ P17 1011-1 
12 4 RCR07G20IJS Resistor Rl R81 RI9 R45 Mll-R-39008/1 
13 I RCR07G475JS Resistor, R2 Mll-R-39008/ 1 
14 10 RCR07GI03JS Resistor, RS, R7, ,IU I, R18, R:tJ, R29, R9, R38, R39, R40 Mll-R-39008/ 1 
IS I RCR07G224JS Resistor R4 IMll-R-39008/ 1 
16 I RCR07G222JS Res' stor, R6 Mll-R-39CJ8ll 
17 2 RCR07G JS Resistor, R43, R44 Mll-R-39008/1 
18 5 RCR07G JS Resistor R3 RIO RI2 R21 R22 Mll-R-39008/1 
19 2 RCR07G912JS Resistor, III 2, R23 Mll-R-39008/1 
--
----
Title 
A ~ HEllOS PREAMP RADIOMETER Pl """"'"I-!!.J. EXPERIMENT 5C PC716 • 30436f-2002 ~. 
V, ASltI'Gl0'1/ TEU II'OLOGICAL ASc;OCIATES. II'C. Symbols 
979 ROLL IN '; AVENU£ . ROCKVILL.e: . MARYLAND X.52 $II 
$ 5 • • "'",./ Q li.a t. ,,..,«- ,, ~.,UM T -TOTAL OUAHTITY (MIt R€O.iU.fiItG, ' TEM SC -soulier COOOTlOOL DWG Owt 
• -OULK MATE."tAL SO'C -1PItC1~ICA~ c:o.TlOOL 
FInd OIY Sym Code Pan .. Oesellpti_ 
No. RIiq'd ldent Idenll lYlng No. 
s,ec. Note 
20 2 RCR07GI1 2JS Resister, R29, R42 Mll-R-390~/1 
21 2 RCR07G I 04JS Resister RI6 R26 MIl-R-39OO811 
22 
" 
RCR07G 102JS Resister RI7 R27 R35 R36 M Il-R-39008/1 
23 I- " -1-- RCR07G473JS __ ResistC)r,R30,R31 ,~3~ ~~ M Il-R-39008/1 
00' ~a 
~~ 
£> 
~~ 
..----. r-
Title P l 3436-F-2002 
~ 
HEllOS PREAMP RADIOMETER 
EXPERIMENT SC PC716 
U<;JII-;GTOS TEOISOI.OGICAL ASSOOATES. ISC. Symbol, 
979 "OLL',...S AV(:H Ui!. "OCK"ILLE. M."YLANO ZOISZ T-TOTAL. o..A'liTITV Oft M:U"""HC;. ITOt Ie -~ COO<TlOOI. DIIG 
$ ..... ".." 0' 0-"'. $,., ... c.r,o.-_tOlI .... IlILK .... TE.IIt· AL SIIIC ... PI[Ct"O:"TtQN COHTIIIIOL 
FInd QIy Code Part or Oescrlplleoo 
No IIeq'd 
Sym ldent identifYIng No. 
24 2 R007GOSOJS Resi5tar R34 R37 
2S 2 RNRSSOOl2FS Resi5tar RI4 R2S 
26 2 RNRSSC9200FS Resistor, RIS. R24 
27 I 432-12 Re lay (432-71661. KI 
28 2 TXIN645 Diode CRI CR2 
29 I TX2N382 1 Troo'15i5tor, (FEn, Ql 
30 5 TX2N325IA Trans istor Q2 QS Q8, Q9 QI2 
31 2 Tx2N2920 Trons istOf', (Dua l), Q3, Q6 
32 2 TX2N43S7 Transistor j[En.. Q~ Q7 
33 4 Tx2N2369A Transj51Of' Ql0 Q II QI3 QI 4 
A 
tuv 
$II 
Owe 
Spec or NCilte 
I MIL-I-32Oma 
MIL-I-551 2/1 
MIL-R-SSI8211 
S-311-P-21061 
Mll-S-
I 9500/27OC 
n'&5?h75A 
ii9~23A 
," , .. -... 
1 SOJlSSA 
MIL-S-
I 50013170 
M.I~:,S-1~1~~..:D.. 
itl e P r eamp Radiometer PC 7 16 
Schematic No. 3436 -J-2163 
Drawing No . _ • 
rts L is t No. 343G-F-2002 P age 1 of 5 
P art No. Descr iE!t ion 
C1 CKR05BX150KS Capacitor 
C2 CYR41 E5ROFP Capacitor 
6 " " 
C32 It " 
C3 CKR06BXI05KS Capaci tor 
Cll It " 
CIS io " 
C18 " " 
C2S " " 
CH. CKR 0613XIOSKS C<1pacitor 
CI5 It 
It 
00 " " 
C22 " " 
07 " " 
C29 " " 
C19 CSR13G225KS Capacitor 
C21 " " 
C2S 
It 
" 
08 " " 
C4. CKR06J3X4.73K Capacitor 
C8 " " 
00 CKR05BX560K Capacltor . 
C31 " 
II 
Failur odc and Effects 
Rate 
,./1000 
S~ecUic ation 
.HruJJ:s 
MU-C-39014/ 1 ' . 001 1" 
Mll - C-23269/9 . 001 1 
II 
.001 1,. 
" . 001 
1.,. 
MU-C-39014/ 2 . 001 12 
" . 991 12,. 
" . 001 10'1. It 
. 001 20"10 
II 
.001 201. 
MU-C-39014/ 2 . 001 10"10 
" .001 10"10 
It 
.001 25.,. 
" .001 25 
" . 001 10ft 
" . 001 25" 
MU-C-3900S/ 1 . 001 
" . 001 
" .001 
" . 001 
MU -C-S9014/ 2 . 001 10"10 
" . 001 10ft 
MU-C'-S90 U / l . 001 10ft 
.. 
. 001 10"1. 
I 70 I 
I "In I 
70 
7 0 
F IpF 
01:' 1 '1:' 
\\"T_" J ob No. 3 ': SG- \lC2 
.Contract NIlS5 -U3 
E-EstUn.ate 
r 
r:= c:::::l 
343G- IlCi2 
:XAS5-U~ 
Failur 
hIe Preamp Radiometer PC 716 
3436-6 -2163 E·E£t1m~te 
3436- F-2002 
ReI. Level 
Palle 2 of 5 Fa'ii"Ur 
Rate 
Reference ,,/1000 Volta/:e, Ambien 
Desi!!nalion Part No. DescriEtion SEeci!ication 
.liQlLtS C<Jrr, Pw r . Temo. ve. OPen 
C5 CKR05BXI04KS Capacitor MU - C-39014/ 1 .001 1O'fe 70 
C7 CKR05BXI04KS II II .001 2O'fe 70 
C9 " " " .001 2O'fe 70 
ClO " 
II II 
.001 2O'fe 70 
C12 " " 
1I 
. 001 3O'fe 70 
C13 " " " . 001 3O'fe 70 
C37 " " " .001 25,. 70 
C24 " " " . 001 2O'fe 70 -- - 1:-' 
C25 II " 
II 
.001 2C)1f. 70 
C17 CKROSBXl02KS Capacitor Mil -C-39014/ 1 .001 1 ()If. 70 
C33 ~ vROSBXI04KS Capacitor MII-C-.39014/1 .001 l OS 70 
C34 " " 
.. 
.001 5" 70 
C35 II " 
.. 
.001 lOS 70 
C36 ., " .. . 001 5'" . 70 
08 P17(01)lSl56R- Capacitor GSFC S311 - P-17 
(01) - 1 
C39 " " 
.. 
Rl RCR07Q20IJS Resistor Mil-R -3900S/l . 001 2,. 70 
RS .. .. " . 001 1,. 70 
Rl9 .. " 
If 
. 001 1,. 70 
R45 " " 
.. 
.001 lOS 70 
R2 RCR07Q475JS Resistor Mil - R-3 900S/ 1 .001 11/. 70 

r"', ij. ,~-••• .~-. y.-f....-;-; 
() 
-~ 
W'l'.~ JOD NQ. 3"36-u~:! 
.Contract NAS3-1139S 
Failure Mode and E£Cects Analysis 
Title Preamp Radiometer PC '116 
Schematic No. 3436-.T -2163 
E-Estimate 
Drawing No. 8. ReI. Level 
Parts List No. 3.436-F-2~ Page 4 of 5 Failure Derated to 
Rate '1'. of Rated 
Reference ,\,./l000 Voltage, 
Ambient Effect of Failure 
Desi~ Part No. DescriEtion SEecification li!;uu:s Curr,Pwr. TemE~C' 0Een Short
 Other RemarkslNo:es 
R16 RCR07Gl04JS Resistor' Mil-R-390QBJl : 1._001 
1,,/. 70 If F 
R26 " " 
" .001 I'\'. 70 F F 
O~ Rl7 RC
R07Gl02.TS Resisto~ Mil-3900B!1 .001 30"/. 
70 F F 
R27 " " " 
.001 30"/0 70 F F 
~~ R35 " " " ; 001 10"/. 
70 F F 
~~ R3G " " II .001 25'\'. 70 F
 F 
~~-- R30 RCR07G473JS Resistor Mil-R-3900B!l .001 10"/0 70 F F 
R3l " " 
II 
.001 10"/0 70 F F 
.g--o R32 II " II .001 10"/0 70 F F -
,~~ R33 II " 
II 
.001 5'\'. 70 F F 
ii-:!t:9 R34 RCR07G050JS Resistor Mil-R-3900B!1 .001 10,,/. 
70 F I~ 
~51 R37 " ., II .001 70 
F 
R14 RNR55c3012S Resistor Mil-R-551B2/1. 
.001 5'\'. 70 :F I; .. --~ 
R25 " " " 
.001 5"/0 70 F 
R15 ~NR579200FS Reliistor Mil-R-55182/l. .001 10"/.
 70 PF IF 
" " 
.001 10"/0 70 F F 
.-~. 
R24 
K1 1
432
-
12 Relay S-311-P-2(06) .063 70 . I F F 
CRI ,[~,{1~G45 Diode Mil-S-19500/270 .08 10'\'. 
70 F' F 
CR2 " " " 
.08 10'\'. 70 F F 
r 
I 
'. 
Ql I TX2N3821 Translator" Mil-S-19500/375 .01 25'\'. 70 F F 
/ 
l, T-;,-:-''": , "Y r-':~'~'~ 
WTA Job No. 3i3G-OG:! 
. Contract NAS3-11396 
Failure Mode and Effects Analysis 
Title Preamp Radiometer PC 716 
Schematic No. 3436-J-2163 E-Eatimate 
Drawing No. a- ReI. Level 
Parts List No. 3436-F-200~ __ Page 5 of 5 Failure Derated to 
Rate "to of Rated 
Reference 
"/./1000 Voltage, Ambient Effect of Failure 
Desi!rnation Part No. Descrietion Sl2ecification ~ Curr.Pwr. • Teml2.0C. Open Short Other 
Q2 TX2N3251A Transistor Mil-S-1950~/3231 .01' 25"/0 70 F F 
Q5 II II II . .m ~5,,/. 70 F F 
Q8 II II 
· 1 .m 70 F F Q9 II II II .  70 F F 
Q12 .. II .. .01 70 F F 
Q3 TX2N2920 Transistor Mil-S-19500!3~5 .01 25"/. 70 F F 
Q6 .. II " ,... 25"/0 70 F F ,,-\I' 
RemarksMotes 
Q4 TX2N4857 Transistor Mil-S-19500/385 .01 25"/. 70 F F 
Q7 .. " II .01 25"/0 70 F F 
QIO TX2N2369A Transistor Mil-S-19500/317 .01 25"/0 70 F F 
Qll .. II " .01 25"/0 70 F F 
Q13 .. II II .01 25"/. 70 F F 
Q14 II .. " .01 10"/0 70 PF F 
.' 
,\llt1:;~ 
I---~ ~'"' , { •• ,~J"-" ~ 
o~ ~H-
~~ ~~ 
~~ \~ 
r~,:~ r= i:.'= -t .. ~<".. I ~ j'---I., 
~T .. DES
CRIPTION 0" "IEVIS'ON 
A COMPLETELY REVISED 
~ I Revised per OCN 3436-0-2176 A1 
c I Revis~d_~r OCN 3436-0-2176 A2 
D Revised per DCN PL3436-D-2176-Dl 
AIAIA IA IA 
BIBIBIBIB 
iclclcl~ 
~lDJDJDID 
lJJJYi?jJj r:=---1r-==-
'PREPARED BY 
Status of Revision of Each Shoet 
'USHINCTO!lf T£CH!'!OLOCICAL ASSOCIATES. INC. 
1I.~" .. III.o ,..,,1 .... 
_0 .. .,oJ_"' •• Y.'.""_ r."'p ..... lI_" 
~","'E CATE. 
J---\-+ I '1.ll, 72-
TITLE 
OAT£. 
8;28/ 
72 
H';l-H 
APPROVED 
f..?,-'7 
{r,.-V~ 
~ 
1-30-';:'1 ~~ 
q:lA;l~ I ~ 
OSCILLATOR CARD 
HEllOS RADIOMETER 
EXPERIMENT 5C PC730 
., 
3436-0-2183 ! PROJECT ENGR, COCE .DENT 1
0.,G NO. I";v 
NEXT I\SSY USED ON APPROVED 
00615 3436-0-2176 
APPL.ICATION CONT"ACTO" APP"OVAL. DATE CO':.~~ACTNAS 5-11396 SHEin 1 0' 5 
."' .... ~t 
~"'-.....-. 
i ~'~14 ,J~<':~~."~ ;"' :" 
-. -"',.iw.. ..... ,A 
.""" I 
~ ~ 
.' '. 
•. ~.,i.""'" 
• 
It-, '·""".l;~..J 
.' 
,,"~'~,Ij '~4....: ',<.", 
:III","" -t. "~-, 
Title OSCILLATOR CARD PL ~ HEllOS RADIOMETER 3436-0-2176
-1 
EXPERIMENT 5C PC 730 
USIII;>;GTO;>; TECHNOLOGICAL ASSOCIATES, INC. Synilols 
979 ROLLINS "'VENUE, ROCKVILLE. MARYLAND 20852 T-TOTAL QUANTITY OR RECURRING ITEM SC - SOURCE
 CONTROL OWG 
'S"bsiJituy 0/ a-.,. Syst ... Cotpot4fio. 9 -BULK MATERIAL SPC "SPECIF'ICATION CONTROL 
Find Oty Code Pan or Description 
No. Req'tl Sym Ident Identifying NO. 
-
1 1 3436-0-2188-1 Hybrid Oscillator Al 
2 1 3436-0-2188-2 Hybrid Osciliotor,A2 
3 1 3436-0-2188-3 Hybrid Osicllator A3 
4 1 3436-0-2188-4 Hybrid Osicllatar A4 
5 1 RHA5 Crystal Yl 26.5 KHz 
6 1 RHAS Crystal, Y2 50 KHZ 
7 1 RHA5 Crystal, va 65 KHz 
8 1 , RHA5 Crystal Y4 85 KHz 
9 1 RCR07G203JS Resistor, R18 
10 1 TX2N2369A T ransi star 08 
11 1 CKR06BX105KS Capacitor, C15 
t "o.t~ .. ,~ .. , -~""'~~ .'£.'~"..t " .. ·~w· • 
~"""'r~ .... ! 
A ~ 
Sh 
DlVg 
Spec or,Note 
WTA 76B 
WJA76B 
WT/>.. 76B 
WTA 76B 
WTA 20611A 
WTA 20611A 
WTA 206I1A 
WTA 206I1A 
~~o:il 
M!l-., 
19500/3170 
MIL-~ 39014 2 
;",-.-. 
,"'., '~)-"'",,' ~ )~ I";.c·' . ' "" ~ .. , ' 
L, ' 
.. ~ .. ~-.".p . ...~-.... ." ... "_4'& 
.... ~~.,;'" , 
Title 
.. OSCILLATOR CARD 
1I!l7Jyj PL 
'3436-0-2176-2 
HEllOS RAOIOMETE~O ~ 
FXPFI1'MFI\JT'iC PC 
nSII\:\GTOS TECHNOLOGICAL ASSOCIATES. INC. Symbols . 
979 ROLLINS AVENUE. ROCKVILLE. MARYLAND 20852 
Sh 
Subsirlitwy 0/ Q ... ,. 5)'st •• , CO,.,Mdt;O. T -TO
TAL OUANTITY OR RECURRING ITEM SC -SOURCE
 CONTROL DWG Dwg 
8 -BULK MATERIAL SPC -SPEC
IFICATION CONTROL 
Find aty Sym Code 
Part or Description 
No. Req'd ,dent Identifying No. 
Spec or Note 
1 1 3436-0-2188-5 Hybrid Oscillotor AS 
WTA 76B 
2 1 3436-0-2188-6 Hybrid Oscillafor A6 
WTA 76B 
3 1 3436-0-2188-7 Hybrid Oscillator A7 
WTA76B I 
~~ 
4 1 3436-0-2188-8 Hybrid Oscilla
tor A8 WTA 76B--1' 
5 1 RHA5 Crystal, V5 115 KHz 
WTA 2061 1 
~S ~~ 
£) ~~ ~&J ~fi1 
6 1 RHA5 Crystal V6 150 KHz 
WTA 2061 ! 
7 1 RHA5 Crystal, Y7 195 KHz 
WTA 2061 I 
8 1 RHA5 Crystal, VB 255 KH
z WTA 2061 1 
~~tO~;323 , 
9 1 D(2N3251A Transistor Q4 
10 3 RC~07G203JS Resistor, R19, R6, R20 
~~~il i 
11 1 TX2N2369A Transistor, Q9 
W}05/317 
12 1 CKR06BX-I05KS Capacitor. C16 
~~i0 
I 
I 
! 
-
" 
• ...,,~~<'" , 
Title OSCILLATOR CARD Pl 3436-0-2i76-3 ~ IJ!JZ;D HEllOS RADIOMETER EXPERIMENT 5C PC 730 
",\SI\ISGTON TECIINOLOGIC,\L ,\SSOCI,\ T
ES. INC. Symbols 
979 ROL.LtNS:AVENUE. ROCKVILLE, MA
RYLAND 20852 
Sh 
S"hsiJitlt)! 0/ Q .... ,. Sys'". Corpcw.tio. 
T -TOT .. L QUANTITY OR RECURRING ITEM 
SC -SOtJRCE CONTROL OWG o..g 
B -BULK MATERIAL 
SPC -SPECIFIC"TION CONTROL 
Find Qty Sym Code 
Part or Description 
Spec or Note 
No. Req'd Ident 
Identifying No. 
1 1 3436-D-2188
-9 Hybrid Oscillator A9 
WTA 76B 
2 1 3436-0-2188-10 
Hybrid Oscillator Al0 
WTA 76B 
3 1 3436-0-2188-11 
Hybrid Oscillator All 
WTA 76B 
... 
4 1 3436-0-2188-12 
Hybrid Oscillator A12 
WTA 76B 
5 I RHA5 
Crystal, Y9 340KHz 
WTA 20611 
6 1 RHA5 
Crystal YIO 445 KHz 
WTA 20611 
7 1 RHA5 
Crystal, Yll 585 KHz 
WTA 20611 
8 1 RHA5 
Crystal, Y12 765 KHz 
VITA 20611 
9 1 TX2N2351A 
Transistor, Q I 
MIL-5-
1950(j'}323A 
10 3' RCR07G203J5 
Resistor, RI, R2, R5 
MIL-R-39008 
11 I: TX
2N2369A Transistor Q3 
r9~oa:3120 
12 1 CKR06BX 1 05KS
 Capacitor, Cl 
MIL-C-390l4 
, -"l-"~''''' 
,. -,,~. ~_f J 
"""",",,~ 
~ 
r(~~$')' 
~ or-: ~ ,; 
lI't~-\,,~ .. "~ 
WASIIISGTO:-l TECIISOLOGICAL ASSOCIATES, INC. 
919 .P.OLLlNS AVENUE, ROCKVILLE. MARYLAND '20852 
S .. bsiJiary 0/ Q ... ,. Sys'~s CorpOtlllliOff 
Find Ow Code .. Part Of 
"~~~;,,,-'I ." ... i .. :.....,.; IL .... , •. ,,:-;""'" 'If'+'~s3 
-i-;." 
Tille 
HEllOS RADIOMETER 
EXPERW,ENT 5C PC 730 
Syrrilols . 
T-iOTAL QUANTITY OR ~ECURRING ITEM 
B ... BULK MA. TERIAL 
No. Req'd 
Sym Ident Identifying No: 
Description 
1 1 3436-D-2188-13 Hybrid Oscillator AI3 
2 1 3436-D-21 BlH4 Hybrid Oscillator A14 
3 1 3436-0-2188-15 Hybrid Oscillator A15 
4 1 3436-0-2188-16 Hybrid Oscillator A16 
5 1 RHA5 Crvstal Y13 1.010 MHz 
6 1 RHA5 Crystal, Y14 1.320 MHz 
7 1 RHA5 Crystal YI5 2.280 MHz 
8 1 RHAS Crystal, Y16 3.000 MHz 
9 1 TX2N3251A Transistor, Q2 
10 2 RCR07G203JS Resistor, R3, R4 
. 
",-;,-",. 
PL .3436-0-2176-4 
SC-SOURCE CONTROL owG 
SPC .. SPECIFICATION CONTROL 
. 
~ ...... O- '*"~-,. 
.~'!",,~,.<. 
~ 
Sh 
Dwg 
Spec Of Note 
WTA 768 I 
WTA 768 
WTA 768 
WTA 768 
WTA 20611 
WTA20611 
WTA 20611 
WTA 20611 
I 
I 
. 
"-- -..
.. 
......... 4 
.-.... ~~¥,,'~ 'II!I"'~~JII ~ ... "., 
09 I-:Ij~ 
~~ ~~ 
~~ .• 2's 
!,,:iU.~;-;:;..,':...~ ~~':t-
" < ."'1'< ~_I"" • 
Title Oscillator Card 1 PC 730 
!'ichcmatic No. 3436-J-2163 
. Drawing No. &. 
Parts List No. 3436-0-2176"1 
1~C'!erence 
Desirznation 
A 1 
A2 
A3 
A4 
Yl 
Y2 
Y3 
Y4 
RIB 
Q8 
Cl5 
Part No. 
3436-D"'2188-1 
3436-0-2188-2 
3436-0-2188-3 
3436-D-1188-4 
RHA 5 
RHA 5 
RHA 5' 
RHA 5 
pescription 
Hyb.rid Osci.Uat.:lr 
Hybrid Oscillator 
Hybrid Osci!lator 
!' II 
Crystal 
Crystal 
.. 
.. 
RCR07G203JS I Resistor 
TX2N2369A Transistor 
CKR06BXI05~ Capacitor 
Fanure Mode and E£!ccts AnalY5~ 
Specification 
t. WTA 76B . 
WTA76B' 
WTA 76 B 
WTA 76 B 
WTA 20611A 
WTA 20611A 
" 
" 
ReI. Level 
Failure Dcratcd to 
Rate "/. of Rated 
%/1000 Voltage. 
.limIJ:s . Curro Pw%'. 
;16' . 
;16 
~16 
;I~ 
,16 
~ 16 
.16 
;16 
:16 
Mn-R-39008/1' t .001 
Mn-S-19500/317 .Q1 
Mn-C-39014/2 .001 
'. 
Ambient· Effect of Failure 
Temp.oC. Open Short Other 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F _ 
70 F F 
70 F F 
v. 1.:,. Jo!) Xo. 3;3G-~:·~ 
.Contract XASS-l:l::5 
EaEatlmale 
RemarkslNo:es 
" 
Title Oscillator Card 2 PC '130 
5che:natic No. 3436-J -2163 
1>r;;,wing No.& 
Parts List '~o. 3436-0-21'1S -2 
Reference 
~i!!nation Part.~. ~ription 
A5 ,3:436-0-2188-5 Hybrid Oscillator 
AS 3436-0-2188-6 " " 
A'1 ;;·::6-D-2188-7 " ... 
~8 343S-0-2188-8 'Ii ·n·· 
Y5 RHA 5 Crystal 
YS " 
II 
Y7 " 
II 
Y8 " 
.. 
(~4 TX2N3251A T~ansistor 
H19 RCR07G203JS' "Resistor 
R6 " II 
R20 " .. 
Q9 TX2N23S9A Transistor 
CIS CKROSBXI05KS C~pacitor 
Failure Mode and Effects Ana1ys~ 
ReI. Level 
Failure Derated to 
Specification 
Rate er. of Rated 
er./1000 Voltage. Ambient' 
ll!:lul:s . Cllrr. Pwr •. Temp~ C. 
WTA '1S B: ".16 70 
I! 
.16 70 
.. 
.16 70 
" .16 70 
WTA 20611. A ".2 '10 
II II 
.2 70 
" " .2 70 
" " .2 70 
MllOS019500/32'f .01 70 
Mil-R-3900S/1 .001 ' '10 
" .001' 70 
.. '.001' 70 
Mil-S-19500/31'lr .01. 70 
Mll-C-39014/2 .001 '10 
: 
Effect of Failure 
Open Short Other 
• I 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
F IF 
F F 
F F I " 
F F 
F F 
F IF 
\\ ::i~ Jo!) No. 3;3G-il~:: 
. Contract N1.S3-!:aSii 
E-Estimate 
Re:r.arksJN~ 
Title Oscillator Card 3 
Schematic No. 3436-J -2163 
Drawing No. &; 
Parts List No. 3436-0- 2176-3 
Reference 
Dcsi!mation 
A9 
A10 
All 
A12 
Y9 
YI0 
Y11 
Yl2 
Part No. 
3436-0-2188-9 
3436-0-2188-10 
3436-0-2188-11 
3436--0-2188-12 
RHA 5 
11 
., 
" 
PC 730 
Desc:rilillsn 
Hybrid Oscillator 
" ", 
" " II' 
" 
Crystal 
" 
" 
" 
Ql 
RI 
R2 
ll5 
TX2N3251A I Transistor 
Q3 
Cl 
RCR07G203JS ' 
" 
" 
TX2N2369A 
CKR06BX105KS 
Resistor 
*' 
" 
Transistol' 
" 
Capacitor 
• 
I" 
Failure Mode and EC!ccts Analy$~ 
Specification 
WTA 76 Ii .' 
II 
:II , 
" 
WTA 20611 A 
" 11-
" 11 
11 It 
Mil-S-19500/323 
Mil-R-39008/1 
" 
" 
ReI. Level 
Failure Derated to 
Rate .,. of Rated 
'M 1000 Voltage, 
.Hruu:.s . Curro Pwr. 
'.16 
.16 
.16 
.16 
.2 
.2 
... 
.~ 
.2 
.01 
.001 
.r,;()1 
.001 
I 
Mil-S-19500/31~ij .91 
Mil-C-39014[2 I _ .901 
., 
Ambient Effect of Failure 
Temp.oC. Open S:1ort Othel' 
. . . 
70- F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F I: 
70 F F 
70 F IF 
70 F IF 
\\ ~ •• Jc!) N.,. 3 .. 3G-C:.2 
. Contract N.o\S5-1!~5S 
~·Eatimat. 
Remarks/~~ 
. , 
Tille Oscillator Card 4 PC 7:10 
o~· ~~ 
i-'d ~') 8~ ~\; 
Schematic No. 3436-J-2163 
llra;\"ing No. & 
P:1rts List No. 3436":0-2 176 -4 
Hc!crence 
Dcsi!mation Part No. Descriotion 
Al3 j3436-0-21SS-131 Hybrid Oscillator 
A14 3436-0-2188-14" II 
A15 3436-0-218B-15" ~I 
A16 3-136-D-2iBB-16" I, 
Yl3 
Yl4 
Y15 
Yl6 
Q2 
~I.l 
R4 
RH1\ 5 I C'Y"" [Ui1\ 5 rystal 
RHA 5 Crystal 
RHA 5 Crystal 
T~aN3251A I Transistor. 
RCR07G203JS . Resistor', 
II 'II' 
g~ 
t~ ~ta' 
FaUure Mode and Effects Analys~ 
Rel.Level 
Specification 
WTA 76 B 
" 
" 
" 
WTA 20611A 
WTA 20611A 
WTA 206llA 
WTA a06l1A 
MU-S-195~O/323. 
MU-a-1I900B/1 
.. 
Failure Derated to 
Rate "io of Rated 
,,/./1000 VOltage, Ambient -
limJ.1:s . Cllrr. Pwr. Terno.oc. 
.16 70 
.16 70 
.16 70 
.I~ 70 
,2 70 
.2 '10 
.2 '10 
.2 '10 
;°1 70 
•
001 1 '10 70 
.001 
Effect of Failure 
0eer. Short Other 
i 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
F F -
F F 
F F 
\\ ••• Jo!.l ~o. 3:.3~_-q~2 _ 
.Contract N ... ::.~-•• 3S; 
EaEatlmate 
RemarkslNo:es 
I 
I 
I 
I 
I 
LTR ! OESC"IPTION Of' "EVaSION 
DATE APPROVED I 
A Added Sheet I, Completely Revised 
9/21/ I JJ.~ 
I 72 
8 Revised per OCN PL3436-0-2169-A2 i 
\~-'c:. I~t~ 
I , 
,-1-7~ ~'R 
C; Change PIN of Item 24 from RM741 
01 RevisionDer DCN Pl3436-0-2169 01 
\O_".IJ'l} ~ 
I I . : , ! I ! I I I -
I 
: 
'j 
i 
.l 
I ! I ; 
; 
, 
St.tus 01 Revision 01 Each Sheet 
I ~ 3 4 5 6 7 8 ~ 10 11 12 13 
" 
15 -16 ~ 17 .8 .9 20 2' 22 23 2. 25 26 27 28 29 30 31 32 3~ 34 3S 36 37 36 39 <0 
41 
, . ,~ }i 
B B B 
C B C 
D - D 
i , 
, m:~ WAS"I~Cl0~ T[Cft~OLOC1CAL ",SSOCUTF.S. I:"c.. TITLE AGC AMPLIFIER, HEllOS RADIOMETER Re<t'.lI!r. N."I ••• EXPERIMENT SC, PC724 -~. 
_... • .... ",. _yet_ ... _ c.,."."..t! ... 
NAME CATE 
PREp"RED BY t' , " ... rr 7'-21- h 
3436-D-2163 PRUJECT ENe ... A"\ /0 ·r";7-/, COOE1DENT rWG NO. I ~~ . . 
• HEXT ASsY ··USED ON ~"PROVED m<:l&o~ q-n·11- ,/ 00615 3436-0-2169 
1 "PPL.ICATaON CONT"ACt'O" ... P"OV
AL,. DATI[ 
C;ONT"ACT NASS-11396 I SHEET 1 0,. 3 
---~ .. -
---
----_
 .. _- --
---
---
~o. 
-
1!l'Jl;rJ; ~l(: 
1,_' ',.A:".# . .. 
, 
Il'ASIIIl'\GTO:-l TECIINOLOGICAL ASSOCIATES, I:-IC. 
979 R.OLLlNS AVENUE, ROCt<VILLE# MARYLAND 20852 
S.hitliGry 0/ Q*.'. S)'s, •• s Co.,Of4lio .. 
Find Qty Code Part 01 
. W" 
Title AGC AMPLIFIER 
HEllOS RADIOMETER PL 3436-0-2169 
EXPERIMENT 5C, PC 724 
Syrrbols 
T-TOTAL QUANTITY OR RECUR;'ING tTEM SC -SOUR,CE CCUTROL OWG 
B -BULl( M"TERI"L SPC -SPECIF'ICATION CONTROL 
No. Req'd Sym Ident Identifying No,-
Description 
1 8 CKR06BX 1 03KS Capacitor, CI, C2, C4, CS, C6, C7, Cll, e12 
2 1 CKR06BX 1 05KS Capacitor, C3 
3 2 CKR05BXIOIKS Caoacitor 
4 1 CKR05BX121KS Capacitor, C13 
5 1 CKR05BX 1 02KS Capacitor CIO 
6 I RLR07C301 JS Resistor RI 
7 2 RlR07Cl03JS Resistor, R2, R3 
8 I RCR07G 104JS Resistor, R4 
9 I RLR07CSl2JS Resistor, R5 
10 I RCR07G JS Resistor, R6 
11 1 RCR07G394JS Resistor 
12 I RCR07G I 04JS Resistor, R8 
13 I RCR07G475JS Resistor, R9 
14 1 RCR07G623JS Resistor RIO 
IS 1 TXIN645 Diode, CRI, CR2 
16 2 JANTXI N5711 Diode, CR3, CR4 
17 1 TX2N4857 Transistor (FET) , Ql 
lR 1 TX2N2369 Transistor Q2 
".,,;. ... 
A ~ 
Sh 
Owg 
Spec or Note 
MIL-C-39014! 
MIL-C-39014/ 
MIL-C-39014/1 
MIL-C-39014/1 
MIL -C-39014/1' 
MIL-R-39017/1 
Mll-R-39017/1 
MIL-R-39008/1 
MIL-R-39017/1 
Mll-R-3900 11 
I 
I 
I 
r-
-~, 
09 -. t:j~ 
~2 ~~ 
.g~ 
~! 
- Title AGe AMPLIFIER 
~ HELlOS RADIOMETER _'J?~ EXPERIMEN'r 5C PC 724 
'OASIII~GTO~ TECnSOLOGICAL ASSOCIATES, INC, Symbols 
979 ROLUNS AVENUE. ROCKVILLE. MARYLANO 20852 
SubsiJiMy oJ Qu.'. Syslld:a Co"or.,io. 
T -TOTAL QUANTITY OR RECURRING ITE"It 
B-BULK MATERIAL 
Find Qty Sym Code 
Part or 
No, R"'!\! Ident Identifying No, 
19_ 1 TX2N3251 Transistor, Q3 
20 1 MC-1552GH2 Integrated Circuit, A
l 
21 1 RM741 Integrated Circuit A2 
-
PL 3436-0-2169 A ~ 
Sit 
SC -SOURCE CONTROL OWG Owg 
SpC "SPECIFICATION CONTROL 
Description Spe!: or NOle 
~~Lo5;395 I 
. 
WTA20610G 
--- "--
__ WTA SPECo l 23755 - . 
.,;i 
" 
WTA Job No. 3436-002 
. Contract NASS-11396 
Failure Mode and Effects Analysis 
Title AG.C Amplifier PC 724 
EaEstimate 
Schematic No. 3436-J -2163 
Drawing No.& ReI. Level 
Parts List No. 3436-0-2 t6JL Page 1 of 2 Failure Derated To 
Rate 0/. of Rated 
Reference %/1000 . Voltage, Ambient Effect of Failure 
Dcsi~ Part No. DescriEtion SEecification Hours Cllrl',Pwr. TemE. °C. 0een Short Other ~f.!!!~ 
C-l CKR06BXl03KS Capacitor il-C-390l4:!2 .001 02% 700 PF J F 
C-2 " " " • 001 25% 700 PF F 
C-4 " " " .001 020/. 700 PF PF 
C-5 " " " .001 200/. 70
0 PF F 
C-6 " " " .001 20% 700 PF F 
C-7 " " " .001 02% 700 PF PF 
C-ll " " " .001 10% 700 PF PF 
C-12 " " " .001 200/. 700 PF PF • 
C-3 CKR06BXI05KS Capacitor il-C-39014/2 .001 100/. 70° F F 
C-8 CKR05BXlOlKS " il-C-39014/1 .001 200/. 700 F F .. 
C-9 " " 
.. 
.001 10% 70° F F 
C-13 CKR05BX121KS Capacitor il-C-390l4/1 .001 20% 70° F F 
C-IO CKR05BXI02KS .. .. .001 10% 70° PF F 
R-I RLR07C301JS Resistor il-C-39017/1 .001 10% 700 F F 
R-2 RLR07CI03JS 10 .. .001 10% 70° F F 
R-3 " " 
.. 
.001 10% 700 F F 
R-4 RCR07G104JS Resistor il-R-3900S/1 .001 01% 700 F F 
R-5 RLR07C512JS " Iil-R-39017/1 .001 01,,/. 70
0 F F 
R-6 RCR07G JS .. il-R-3900S/1 .001 100/. 700 F F V8Iue to be DetermiDed 
R-7 RCR07G394JS " " .001 10'}'. 700 F F 
R-S RCR07GI04JS " il-R-3900S!.1 .001 01% 700 F F 
R-9 RCR07G475JS " " .001 01% 70° F F 
R-IO RCR07G623JS " " .001 010/. 70° F F 
Title 
Schematic No. 
Drawing No. &. 
Parts List No. 
Reference 
Designation 
CR 1 
CR 2 
CR 3 
CR 4 
Q1 
Q2 
Q3 
A-I 
A-2 
09 
,tZj ..... 
to.o4 
tod 2 ~~ 
'@pO 
.~~ 
~51 
AGC Amplifier 
3436-J-2163 
3436-D--216S-
P~. 
TXIN645 
" 
JANTXIN5711 
" 
TX2N4857 
TX2N2369 
TX2N3251 
MC1552GH2 
RM741 
r""{.-I." ""1 
... ,,,",, 
"»'h"_'"'~ 
t-- .. ,k,)" .... i.e 
Failure Mode and Effects Analysis 
PC 724 
Page 2 of 2 
DescriEtion 
Diode 
" 
Diode 
" 
TrBnsiltor 
" 
" 
Rel.Level 
Failure 
Rate 
0/./1000 
Specification Hours 
Mil-S-19500/270 
" 
Mil-S-19500/444 
" 
Mil -S-195 00/385 
Mil-S-19500/317' 
Mil-S-19500/323 
.01 
.01 
.01 
.01 
.• 01 
.• 01 
.91 
Integrated Circuit I WTA 20610G .08 
" 
II WTA 23755 .• os 
Derated To 
% of Rated 
Voltage, Ambient Effect of Failure 
Curro Pwr.Temp.oC. Open Short Other 
I • I i 
10% 700 F F 
10% 700 F 1" 
100/. 70° F F 
10% 700 F' F 
10% 700 F F 
50% 700 F F 
500/. 700 F F 
700 F F 
700 F IF 
_., 
--... 
't.., .. _~~ 
__ I 
WT A Job No. 3436-002 
Contract NAS5";U396 
E-Estimate 
RemarksJN~tes 
... 
r~~:~',~, '! t~ .. -, 
-
LTR DESCfUPTIO,. OF' fIlEVISION DATE APP"OVED I 
A Added Sheet 1 and Items 6, 7, 8, 9, and 10 9/6/72 Odarchenko 
. P.O . 8 Revised per DCN PL3436-D-2174-AI and PL3436-D-2174-A2 fI-J3=7l 
C Revised per bCN PL3436-D-2174 81 1-1"3·'3 ~R 
;.-7-73.- ;-~ 
D Revised per DCN PL3436-0-2174 - CI 
1Q r;llIhJ 
E Revised per OCN 3436-0-2175-CI 
. 
.., ._--
-
-
Status of Revision of Each Sheet 
,-
I 2 l • 5 6 7 a 
" 
10 \1 12 13 
" 
IS 16 17 18 '9 20 21 22 23 2. 2S 26 27 28 29 30 31 32 33 J' 15 35 37 38 39 40 411 
A A 
B B 
C C 
D D 
E E 
-e 
lJf~':!:JJ 'l'4SIIISCTOS TECIl:"\OLOCICAL 4SS0eJ4T£Ii.INC. TiTLE LOGIC CARD 2, HELlOS RADIOMETER •• d .• ilt~. "":rl ... 
- ........ 
_. _ ......... ,. eyer.,..,. t.r-p.r-ell.,. • PC ASSEMBLY (PC 728) EXPERIMENT 5C '1 
"'AME- DATE. 
PREPARE~ BY 
-...N-i 1.1/· 7l-
343S-n-2183 PROJECT ENCR. ,.<' /' ;,;;' J , ;;-//-7-• .,. . ~I ~ .. './ COOEIOENT I~WG NO. I ~~V 
HEJC1; 'ASSY USED ON APPROVED M4~O~ 9-.n·?'J.- 00615 PL 3436-0-2174 
APP&.ICATION CONTRACTO,. APfiROVA&' DATE COHN""~"C:T NAS 5-11396 lSMEIE~_J Of' 2 
I .~"'-."~j • 
Title LOGIC CARD 2, HEllOS RADIOMETER A ~ PL 3436-0-2174 '7 ., EXPERIMENT 5C, PC 728 _l-~gy; . REV 
,'ASIIlSGTON TECIiSOlOGfCAL ASSOCrATES;"·ISc.' Symbols 
979 ROLLINS AVENUE. ROCKVILLE. MARYLAND 20852 Sh 
SUh3idi." 0/ au.'. SY3'",5 Co"o,a,io. T -TOTALOUANTITY OR RECURRING ITEM .SC -SOURCE CONTROL OWG DIV9 e -BULK M~TERIAL SPC -SPECIFICATION CONTROL 
Find Qty Sym Code Part or Oescription No. Req'd Ident , Identifying No. Spec Of Note 
1 2 RCR07G 1 03JS Resistor, R61, R61 MIL-R-39008!1 
? ? CKR06 - - -JS Caoacitar C40 C41 
MSFC SPEC 
3 3 01295 SN54L10FL Inteqrated Circuit All A13 A14 85M0376 
MSFC SPEC 
4 1 01295 C;N54173Fl Inteorated Circuit A 10 85M 0376 
5 2, 01295 SN54l00Fl Integrated Circuit, A12, Al6 
MSFC SPEC 
85M 0376 
6 1 RCR07G393JS Resistor R85 MIL-R-39008!1 
7 1 CKR058X221 KS Coaocitor C51 MIL-C-39014/ 
j, 
(I'<-;;.f'~,"_" 
~'''''!""'t'1''''''''''' 
~ .... -" 
, 
~~.--.-
r--·, t--. 
WTA Job No. 3436-002 
Contract NASS-1l396 
Failure Mode and Effects Analysis 
. 
Title Logic Card 2 PC 728 
Schematic No. 3436-J-2163 EaEatimate 
Drawing No. ReI. Level 
Parts List No. 3436-0-2174 Page 1 of 1 Failure Derated to 
Rate f. of Rated 
Reference "/J 1000 Voltage, Ambient Effect of Failure 
Designation Part No. Description Specification.!!2!:!:.!! Curr, Pwr. Temp.oc. Short Other RemaruINotes 
R61 IRCR07GI03JS I Resistor Mil-R-39008/1 I .001 3,},. I 70' F' 
R62 i" " " .001 3,,/. 70 F 
C40 ICKR06 JS Icapacitor Mil-C-39014/2· 001 25.,. 70 "F F TBD 
C41" " " • 001 25~ 70 F F TBD 
All ISN54LIOF1. !nte.gra.te.d Circuit MSFC Spec. - .02 I 70 F F 
85M0376 
A13" "- " .02 70 F F 
AI4" " " .02 70 F F 
AIO SN54L73Fl ntegrated Circuit MSFC Spec. .02 70 F F 
85M0376 
A16 .. """" .02 I 70 F F 
A12 ISN54LOOFI rntegrated Circuit .." .02 I 70 F F 
R85 IRCR07G393JS . Resistor Mil-R-3900S/l .0011 2% 70 F F 
CSI ICKR05BX22lKSI Capacitor Mil-C-39014/1 .0011 25,. 70 F F 
~@ 
~~ ~E; 
~."d ~! 
...---
LTI'I DESCRIPTION OF REVISION DATE AP""OVEO 
A Added Sheet 1, eR23 to Item 6, R8b to Item 11 . 9/6/12 Oderchenko 
Deleted R46 from Item 2, R72 from Item 3, CRI9, CRI6, CRIS, CR20, end CR21 from Item 6 
Added Items 12 through 14 
'8 Revised per DeN 'Pl3436-D-2173-AI and DeN PL3436-D-2173-A2 11/13/ #Jo n 
e Revised per. DCN Pl3436-D-2173-A3 1/15/13 ~, 
D Revised per DeN Pl3436-D-2173-A4 1/.30/13 ~@ 
E Revised per DeN Pl3436-D-2173-E1 ~/15/13 r&. 
F Revised per DCN Pl3436-D-2173-F1 . ~'l'1h~ f~ 
G Revised per DCN Pl3436-D-2175-G1 {Z/zh, If 
Status of Rovision of Each Sheet 
I 2 3 4 5 5 7 9 ~ 10 1\ 12 13 14 1~ 16 17 1Q 19 20 21 22. 23 24 25 26 27 29 29 30 31 32 33 34 35 36 37 39 39 40 Of 
A A A 
B B 
-
Ie le-
D D -
E E E 
I;: F -
G G -
n71~ -':A,SHI:"CTON TECiI,'OLOCIC4L 4SS0CI4TES. ISc.. TITLE 
.!!:!. "';;:;;;r; R.t .... ill". ",.,,1 .. 4 
l:OGIC CARD I, HEllOS RADIOMETER -. n... _". qu ... ' • • y., ...... c.~I'.~.II." 
, 
NAME DATE PC ASSEMBLY (PC 727) EXPERIMENT 5e 
,No-\- Ilf-<f- 77.-
o· 
-·1 
PREP.,REO BY i 
3436-0-2183 PROJECT ENG ... (j' tv/1d/) 
-7 //-11 CODEIOENT T"·GNO. ,"'ltv. 
NEX":: !ASSV USED ON APPROVED /.::) f5d~oo ::;. P-I.-"'):- 00615 Pl3436-0-2173 G ' 
APP~ICATION CONTRACTO,. ;''''' .. OVAI.. DAT£ CONTR~CT NA5 5-11396. 15HEET 1 NO.. _.______ ____ __ C', Z 
Titlo Ir-1 ~ ;"':'7JJ! LOGIC CARD 1, fiELlOS RADIOMETER 3436-0-2173 ~:.:~ .. ' EXPERIMENT SC, PC727 I REV 
ASIll~GTO~ TECII~ot.OG(CAL ASSOCIATES, INC. r---..o.--.- li~,.; Symbols 979 ROLLINS AVENUE, ROCKVILLE. M"RYLAND 20952 T - TOT;'L OUANTITY OR RECURRING ITEM 5C -SOURCE ceNTROL OWG SJlhsilfiiJry 01 Q&la..t~ SYllf!"" CotporQlio. e - BULK t.!!. TERIAt.. 51'C-SPECIFIC"TION CONTROL. 
Find Oty Sym Code. Part or Description Spec or Note No. RCij'd Ident Identifying No. 
1 2 ; RCR07G203JS Resistor 20K 1/4w 5~{' R69 R70 MIL-R-39003L! 
2 1 r'~CR07Gl03JS R~sistorIOK, 1/4w, 59~, R71 . Mll-R-3~OO8L! ; 
'" 3 6 RCR07Gl04JS Resistor lOOK, l/lw, 5~~, R47, R48, R73, R74, R75, R76 MIL-R-3?OO"/1 
4 1 '. RCR07Gl00J'i Resistor 10 ohms, 1/4w, 50/.·, R58 MIL-R-3?CO?/1 
5 2 CKRO~BX10SKS Copacitor, luf, 50V, 100/0, C37, C45 . Mll-C-3'='014.a. 
, MIL-S-li5CO/ r 6 1 TXl N':45 Diode, CR14 <.1"C 
MIL -S-b'5:xl/ 
7 1 TXl N750 Diode Zen~r CR23 p7 1 
-
. MIL-S-19500/ 
1 8 3 TX2N2357A Transistor NPN 014 015 016 317 
r 
012 ~13 
W,Il-S-l ~5'J01 
. 9 3 . I TX2N3251A . T ro nsi stor PNP Ql1 ~?3 ; 
, 
10 1 I I SN54LOiFl! I j IntQorotf'd Circuit A9 M'iFC'iPEq !5M03iM' 
ill 1 I i RCR07GI53'JS i Resistor, 15K J/4w 5% R86 Mll-R-39Cd"/1 
I I ! I , ; . . ; .. , 
I , , I I .... -. I I ! , I , I i ; i I I 
i , , ; j 
o· 
, 
. 
. ~ 
. 
-;i -
.. 
• 
" 
j 
. 
. 
. ' . . . 
---
--
. 
r'· i';"~I,j ~'''W-'""lro:-:; 
WT A Joll No. 3436-002 
. Contract NAS~-1l396 
Failure Mode and Effects Analysis 
Title Logic Card 1 . PC 727 
Schematic No. HJfi-,I-21fiJ E-Eatimale 
Drawing No. ReI. Level 
Parts List No. 3436-0-2173_ Page 1 of 2 Failure Derated to 
Reference 
Rate "/. of Rated 
%/1000 . Voltage. Ambient Effect of Failure 
Dcsianation Part No. Del:>crietion Seecification ~ Curr,Pwr. Temo.oC. Open Short Other RemarksJN~ 1 
R69 RCR07G203JS Resistor Mil"R-3.900S11 • 001 3% 70 F F 
R70 " " " .001 1"/. 70 F F 
R71 RCR07G102JS Msistor. Mil-R-3900a/1 " .001 30/. 70 F F 
R51 .. " II ,001 3"!. 70 F F 
00 R44 RCR07GI04JS Resistor Mil-R-39008/1 .001 1% 70 F F r.rj~ R45 " " .001 1% 70 F F .'" 
..... lQ R-17 " " ,001 1"10 70 F F Cf 2 R .. a .001 1"10 70 F F ~~ R50 " .. .001 1"10 70 F F R73 " " .001 1"10 70 F F 
.g I'd R74 .1 " ,001 1"/. 70 F F R75 " " .001 1"10 70 F F i~ R76 .. " .001 1"!o 70 F F R5a RCR07GIOOJS. Resistor Mil-R-3900s/1 .001 20% 70 'F IF --" fa 
C37 CKR06BX105K Capacitor Mil-C-39014/2 .001 25"/. 70 PF F 
C'~ II " " ,001 25% 70 PF "F --.. a 
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CRI3 TXlN645 Diode Mil-S-195001240 .01 10"/0 70 F F 
CR14 " 
.. 11 
.01 10,}, • 70 .F F 
CR23 11 " " 
.01 20"/. 70 F F 
0: '"- '. : .\Jl CRIS TXIN756A Diode Mil-S-195001127 20"/0 70 F F 
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Mil-S-19500j317 
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SN54LOIF1 I Integrated Circllit I MSFC Spec. 
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I i 
20,},. 70 F F 
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6 2 CKR05BX470KS Cooocitor 47 of 200V 10% C33 C34
 
7 1 C5R13El07KS . Capacitor, 100 uf, 20V, 10~~, C35 
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8 1 _CKRO'i- - - S Lon,,,·;tnr, TRf') ("31. 
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R54 RCR07G513JS J Resistor Mil-R-3900S'/l .001 10,\,0 
70 F IF 
R56 RCR07GQ12JS I RCl>istor Mil-R-3900s/1 .001 10,},0 70 F I; R59 t1 " I! .001 10% 70 F 
R60 II .. If " .001 
10,\,0 70 F 
R57 RCR07G 5 I Resistor Mil-R-3900S/1 .001 10% 70 F I~ TBD 
R5S " " " 
.001 10% 70 F TBD 
R63 I RCR07GI00JS Resistor Mil-R-3900B/I. .001 5% 70 F IPF 
R64 " " " .001 
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70 PF IF 
C39 • II • H
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6 2 . CKRO.~8Xl05K5 
Capacitor. 1 UF @50V. 10~·-. C13. (20 I
 Mll-C-3S'014~ 
7 7 RCR07G J5. 
Resistor. (T8D), R2f, R95, IUOl, Rl08,R1Q9LRnQ,RJI~L. __ 1 Mll-R-3:;o02ll 
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Rate % of Rated 
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Ambient 
Designation Part No. Descrietion Seecification .li!ll!D Curr,pwr • 
TemE~C. 
L4 ~ MS 90537-19 jCOil. RF' .001 200/. 70 
A3 . MC1552GH2 Integrated Circuit WT
A 20610 .OB 70 
C50 CKR05BX KS Capacitor Mil
-C-39014/1 .001 10% 70 
C23 
.. .. 
.. 
. 001 10'/ • 70 
Cl7 CKR05BXIOIKS Capacitor 
Mil-C-39014/1 .001 3% 70 
C21 
.. 
" " 
.001 3% 70 
C19 CKR05BX104KS Capacitor Mil-C-
39014/1 .001 10,),. 70 
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C20 " " 
II. 
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E28 RCR07G JS Resistor M
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I} .. II .001 10%' 70 
R25 RCR07G100JS " 
II 
.001 50'/.'· 70 
R23 jRCR07G751JS Rellistor Mll-R-39008/1 .001 
2'0/. 70 
R91 1 
Thermistor .001 10% 
70 
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Part No. Description 
SH 79 Transformer· 
RCR07G ·JS Resistor 
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RCR07G240 JS Resistor 
Failure Mode and Effects Analysis 
ReI. Level 
I'allure Derated to 
Rate % of Rated 
.§E.ecification 
~./IOOO . Voltage:-- Ambient 
lI!;uu:s Cllrr. Pwr. Temp.oC. 
WTA 22344. :.05 I 25,),. 70 
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.. 
.001 200/. 10 
.. 
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Mil-R-39008/l .001 I 20,),. 70 
Effect of Failure 1:;rt Ofuu 
F PF 
~ PF 
F PF 
F PF 
F PF 
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6 1 31,3.,-D-'2169 AGC '"noliiicr, PC724 VITA . 
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R82 
RB1 
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.gl'd ~~ 
/. 
RNR55C3482FP Resistor 
" 
RNR55C2492F Resistor 
" " 
" " 
RNR55C9312F Resistor. 
TXlN753A I Diode 
J , 
" / 
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Failure Mode and Effects Analysis 
Title Output Card PC 729 
Sch,,~atic No. 3436-J-2163 
Dra-":ing No.& E'"Estimate 
Parts List No. 3'l36-D-22lilL_ Page 1 of 2 ReI. Level Derated to 
Failure 0/0 of Rated 
Reference Rate Voltage. Ambient Effect of Failure 
Designation . Part No. Description Specification o/JI000Hrs.Curr,Pwr. Temp.oC. Open Short Other RemarkslNotes 
R-35 RCR07GIOOJS Resistor Mil-R-3900&/1 .001 40,,/. 70° F PF 
R-SS " " " .001 4J,,/. 70° F PF 
R-S9 " 11 " 001 02% 70° F PF 
R-9l " " " ; 001 02% 70° F. PF 
R-34 RCR07G JS Resistor Mil-R-3900B/l .001 10,),. 70° F F TED 
R-36 II " " .001 10% 70° F F TED 
R-3S " II II .001 1 D,\,. 70° F F TED 
R-40 " " " .001 10% 70
0 F F TED 
R-41 II II " .OUI 10"/. 70° PF PF TED 
R-42 " 
II 
" .001 10% 70° PF PF TED 
R-S3 " " 
II 
.001 10,,/. 70° PF PF TED 
R-S" " 
11 
" • 001 10% 7 0
0 F PF TED 
R-S6 RCR07G JS Resistor Mil-R-3900s/1 .001 50"/. 70° F PF TED 
R-B7 " " 
If 
.001 10"/. 70° F PF TED 
R-90 ., " " • 001 50"! • 70° F PF TED 
R-92 " II 1/ .001 10% 70° F F TED 
R-37 RCR07GI02JS Resistor Mil-3900s/1 .001 10% 70° F PF 
R-SS RCR07G JS " " • 001 10,,/ • 700 F F I TED R-32 RCR07G JS 1/ " .001 10% 700 F F TED 
R-39 RNR55C4993F 1/ Mil.!R-SS182/1 .1 010/. 700 F F 
R-95 Thermistor .021 200/. 7 {lo F F TED 
R-96 Thermistor .021 20"/. 70° F F TED 
R-97 Thermistor • 021 200/ • ;iOo F F TED 
R-9S Thermistor .021 200/. 70° F F TBD 
C-30 CKR06BXIOSK Capacitor Mil-C-390l4/2 .001 15'70 .700 PF F 
C-32 " 1/ 1/ • 001 150/ • 700 PF F 
C-Sl CKR06BXI0SK " 
11 
.001 10']1, 7°0 PF F 
o@. ~~ 
~~ ~E; 
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:fit1e Output Card PC 729 
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Drawing No. &. 
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TX2N2605 
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II 
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II 
.I 
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Description 
Transi!.tor 
Transistor 
Integrated Circuit 
11 n 
11 II 
Integrated Circuit 
11 II 
Failure Mode and Effects Al1a1ysis 
Rel. Level Derated to 
Failure % of Rated 
Rate . Voltage. Ambient 
Specification "Io1~rs.CLlrI'! Pwr. Temp.oc. 
Mil-5-195 00/336' 1.01 I 10% 1700 
Mil-5-19500/354 .01 40"1. 700 
NTA 23755 
" II 
.00 
.00 
MSFCS5M03766/ OdO. 08 
II -1. 06 
700 
700 
700 
70° 
E£fect of Failure 
Open Short Other 
, i 
F F 
F F 
J: 
F 
F 
F 
F 
F 
F 
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MIL-S-19500/ 
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2913 
TX2N3251A 
- "1'1-5-19500/ 
2 1 Transi,tc,. P"lP nIl 
3~ A 
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MIL-5-19500/ 
NPN 012 255E 
0 
-
MIL-S-19500j 
4 1 TXI N645 Diode CR6 
240C 
5 4 CBD 1045 Resistor lOOK 1/4w 5% R27 
R2B R29 R31 Alten Bradlev 
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Reference 
Designation Part No. Description 
QIO TX2N2907A Transistor 
Remarks INo:es 
Ql1 TX2N3251A Transistor Mil-S-19500/323. .01 20"/0 70 F F 
Q12 TX2N2222A Transistor Mil-S-19500/255 .01 30,,/. 70 F F 
CRS TXlN645 Diode Mil-S-19500/240 .01 5% 70 F F 
Allen Bradley .001 1% 70 F F 
" .001 1% 70 F F 
R27 CBD 1045 Resistor 
R28 " " 
,~ 
" .001 1"/. 70 F F 
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. 
2 7 CSD 1iJ45 Resistor iOOK 1 /A~ ,\01. 'Il~? 1111 1f1A i)'rt; R36 P.AO. RA1 Allen Bradley
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. 
3 1 CBD 1035 Resistor 10K 1/4w 5% R42
 Allen Bradley 
A 7 • TXl N6A5 mnrl" CR7 CRB CR10 
CR14 CR16 CR17 CRIB 
MIL-S-19500/ 
240C 
. 
5 Ref 
6 Ref 
,. 
. 
. ~ 
. 
. 
" 
, 
;. '. 
I I 
. 
o~ 8:.\..~ 
~Q ~ ~t; 
~l-d \~ 
·ta 
Title Noise Source Switching 
,Scher::atic No. 3436-J-2163 
Drc,-.ring No. & 
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Q13 TX2N325lA 
Q14 " 
QIS " 
R32 cm 1045 
R33 .. 
R34 .. 
R3S .. 
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R40 .. 
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Re1. Level 
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Rate % of Rated 
0/./1000 . Voltage, Ambient Effect of Failure 
Soecllication l:!!2!u:s Curr, Pwr. Temo.oc. Open Short Other 
Mil-S-1950.o/323.~ ',01 3% I 70 I F 1 F 
" . I .01 3% 70 F F 
" ;01 3,},. 70 F F 
RemarksJN~:es 
Allen Bradley • 001 1,},. 70 F F 
.. ,001 1% 70 F F 
" .001 I'}'. 70 F F 
It .001 1% 70 F F 
" ,001 1% 70 F F ,-
" ,001 1'}'0 70 F F 
" .001 1'}'. 70 F F-
Allen Bradley .001 1% 70 F I F 
Mil-S-19500/240 .01 5'}'. 70 F F 
" .01 5% 70 F F 
" .01 5% 70 'F F --"" . 
" .01 50/. 70 F F 
" .01 50/. 70 F F 
" .01 50/. 70 F F 
" .OJ 5'}'. 70 F F ---
"'-!~"-"'......I c=': l~"V~ - -,-'-~--,-~ .. l., .• ~ •.. '.~<r "''' 
LTR CESCRIPTION OF REViSiON DATE AF'PRO\l£D 
A Added Sheet 1, Items 11, 12,_and 13)14 8/14;7 ;}lid-
, 
, 
Status of Rovision of Each Sheet ! 
1 '2 :; 4 5 S 7! a :J to 11 12 13 14 15 \6 17 10 19 2::' 21 22 23 2~ 25 2£ 21 28 2; 30 31 32 33 34 35 36 ~7 'lB 39 ':0 41 
A A ! 
1-
/Jr/;-<, . - W'SIl"CTO~ TEW'OLOr.ICAL 'SS"C1'Tf.S.I~C. TITLE Noise Source Switching Helios !---------1!---------111.·~'l. ~-r.:.?J:} fto~hUlf'. \4.,,1... Radiometer ~ --.... q .... "I. -;1"'-'"- CDrp .. r.flo,.. 
PC Assembly (PC 725) 
!-_______ -1~--------1I __ --------4_-~~N-A~-E---~--O-A-T-E--~ Experiment5C 
-- PREPARED DY j..,l-\ 9'22-7z.. 
3436-D-2172 PRO'J"CT ENGR. ,/-( • .'. Iii! -:".; -I';:. CODE '''''"T lowe NO. I REV 
NEXT ,SSY USEO ON AP?ROVEO i.;;rf~ :(-:<<;-7'Z; 0 0 615 ( PL3436-D-2179 A.. 
APPLIC,TloN __ CONT~ACTOR APPROVA.'- DATE CO .... "O:ACT NAS 5-11396 ISHEE, 1 of 2 
-.. - ~ .. 
.... .--,.. 
"-"I~\'''~ -: 1'~ 
Title Noise Source Switching Helios A 
!JY~7JJ Radiometer Pl 3436-0-2179 -2::...:::..~.:~ Experiment 5C PC 725 ft;:Ev 
~ASII!:\GTO:\ TECII~OLOGICAL AS50CIATES. Il\C. Symbols Sh 2 
979 ROLLlNS AVENUE" ROCKVILLE, ~!ARYLANb 20852 
Sub3idiary 0/ Quan'a S)stems Corporation 
T-TOTAL Ol,;ANTITY OR RECURR:N0ITE.'v1 
SC ... SOURCE CONTROL CWG Owg 
a ... eULr< t-~t\TERIA.L SPC ... SPECtFtCJ..T10N 
CONTROL 
Find Qty Sym Code 
Part or Description Spec 0< Note I 
No. Rcq'd Ident Identifying No. 
-
1 1 WM 223 Welded Module 
- WTA I 
-
2 1 WM222 Welded Module 
VITA , 
.. 
3 1 422-12 Relay Kl (Screen per Note 8, PPL-ll Appe
ndix C, Tobie 06) MIL-R-5757/71 
4 2 TX?N2222A Tron,j,tnr NPN 03 OA 
MIL -5-19500/ 
255 E 
MIL-$-19500/ 
5 1 TX2N2369A Tronsistor NPN 02 
317 n 
. 
-
""J.!- -:'-1 Y:JuUj 
6 2 TXl N645 Diode CR2 CR3 
240 C 
7 2 CSR13El07KS Capacitor, 100uf 20v 10o~ C5 Cl0
 MIL-C-39003/1 
. 
MI L -R -39008/1 
8 3 RCR07Gl04JS Resistor, lOOK 1/4w 5%, R5, 
R15, R13 . 
9 2 ·RCR07G243JS Resistor, 241< 1/4w 5%, R14, R16 
MIL-R-39008/1 
10 1 RCR07G513 Ie; RI',HM 51K 1 /4·, 5°~ Rl' 
MIl-R_39nno/l 
. 
11 Ref 
. 
12 18 
'. 
13 1 
, 
-
14 Ref , 
--
~--~-- -
---
---
---
---
-- -
-- --~---~---
r t-· 
~~ ~ ~~ ~t= 
€~ l;~ 
~~ 
I 
LTR 
DESCRIPTION Of REViSiON 
A COMPLETELY REVISED 
8 Revised per OCN 3436-0-2167 
c Revised per DeN Pl3436-D-2167C2 
. 
. 
Status of Revision of each Sheet 
1 12 3 • 5 5 7 B " 10 11 12 13 I< \5 16 
17 19 IS 20 21 22 23 2< 25 25 
21 
AlA 
B B 
C C 
11f1'!-...· ~A:.IU'CT()'Ii TECH'OLOl;lCAL .A.S:tOr.lATL
, 1:,\C. 
-:~,.~ R.chUh .. '4; ... ,1 .. 11 
- .... __ .... • ..... "~. _y.'_""'_ c.,.~.,..'j.,. 
t- ....... E CA,TE 
PREPARED DY ~\ ?,-l1-11. 
3436-D-2171 
'PROJECT ENCR. ,
;- , ~l , -' 
~e:XT loSSY USED ON 
APPROVED j9Jk4. 7-:1.9-7:-
APPI.ICATIOH COSTR"'C~O" APPRO
VAL. DATE 
DATE .APPROVED 
-;.z.~ /i 
>, 
;;/,"'-
\,,1]\\-17 ~Q 
h,l,~ ~ ~Ilj rJfl 
! 
za 29 30 3\ n 33 ;. 35 3~ n 
;a 33 <C ., 
I 
! 
, 
i 
i 
I 
TITLE MIXER, HELlOS RADIOMETER 
. EXPERIMENT 5C (pe72l) 
CO:lE,OENT r"GNO' JR~V 00615 3436-D-2167 
CONHTt.~CT NAS 5-11396 SHEET 1 OF 2 
,.-,-------------"'1 Titi~--~;~~~ "~E-L-IO-S-RA-D~~~ET~;_----I ~ ;--34-36--0---21-67---- - --t-- ~-! 
P'::::'-;;; EXPERIMENT 5C (PC 721) I - - . i 27 
~ A~III:\GT0:-; TEC\!:\OLOGICAL ASSOCL\ TE5, 1:\C. 
$I':"; COLLlr.S AVENJE. ROCKVILLE. MARVLA"';O :!C3S2 
SubsJ'dh:r:I Qf Q~ar:14 S)'st£ms Cor;>ortU:'Ori 
Symbols 
T - TOTALO~A"iiITY OR' "ECURR1~~G lTEM 
a -S.,;LK :.~.",TE:R:AL 
Po,t or 
Identifying No. 
MS 90537-1 4 I Coil RF, 1.2 UH, II 
. I I MS90537-18' I CoiLRE.2 7lJH 12 
3436-D-2170-9 Torri pd Assemhl y 
S-C "SC:JRCE. C~~';TRC:" cw:::; 
$?C -S~ECIFiC;"TIC-"; CON'MOt... 
Coscription 
Sh 2 
D:.g 
Sr,ce 0( No:e 
~<zn 
MI L-C-l 531)5 
. I I CKR06BX122KS Capacitor, 1200of'ril 200V, lOok. C4 I MIl-C-3901412 
CKR058X471KS " Capacitor, 470pf~ 200 V, 10%, C43 I Mll-C-390i4/1 J 
CKR05BX KS I Capaci~(TBD1 C24, C49 fMll-C-39014/1 
SM307 Mixer, Ml WTA 22345C 
~~--~~--~---------4·--------~----------~--·~~~----~------------------~------------_i;P~dvct~----~ 
Ccmp" .. ,,~;~ Co. 
'. 
-------.. _-------- .. 
Title Mbcer PC 721 
Schematic No, 3436-J-2163 
Drawing No.& 
Parts List No, 343ti-D-2167 
Reference 
Dcsi!!nation 
Ll 
L2 
Part No. 
MS90537-14 
MS90537-1S 
DescriEtion 
I Coil. RF 
I Coil. RF 
L3 
Col 
MS90537-19 J Coil. RF 
CKR06BX122K.. Capacitor 
C43 CKR05BX471K. " 
C24 CKR05BX KS " 
~~ C49 
too tS Ml 
~~ RlS 
~ §~ fJ 
-s 
" " 
SM 307 Mixer 
RCR07G510JS Resistor 
WT.-\ Job No. 3~3G-ilC2 
,Contract NAS5-11395 
Failure Mode and Effects Analysis 
E-Estimate 
Rel.Lcvel 
Failure Derated to 
Rate 0/. of Rated 
''/011000 Voltage. Ambient Effect of Failure 
SEecification 
.Hmu:s Curr, Pwr • Temo.oc. Open Short Other Remarks/No:es 
LT4K242 .054 20,,/. I 70 I F j PF 
Mil-C-15305 
LT4K242 .054 200/. 70 
I 
F I PF 
Mil-C-15305 
Mil-C-15305 .054 20% 70 'PF F 
Mil-C-39014/2 .001 3"/0 70 PF F 
Mil-C-39014/1 .001 3% 70 PF F 
Mil-C-390l4/1 .001 10% 70 PF F ,·1 TED 
" .001 10"/0 70 PF F TBD 
,0:;.4 70 F 'F 
Mil-R-3900B/l 1.001 10,,!. 70 PF F 
LT" DESCRIPTION OF REv,StON DATE APP~OVED 
A Added Sheet 1. Item 7,-0 B-1L-l? 'htd 
8 Revise per DCN PLWM221 B1 . 
. 
. 
I 
i 
! 
I 
! 
. 
: 
Status of Revision of Each Sheet 
I 2 3 • 5 6 7 a 
" 
10 II 12 13 
" 
IS 16 17 18 19 20 21 22 2~ 24 25 ~€. 27 ~'l 2. 3C 31 n 3:3 '3":- ;~ ;? 37 ,~ 39 .. ~ ., 
A A 
B B 
I 
1 
i 
.-
Command Interface-Module C'~' t ",4SHl!\CTO~ TU.U,\OlOC1CAL .... SSOCIA. Tr.S • • ~c. TITLE 
-!/ :::~~ RoC'''.III~. 'far:I .... Helios-Rcdiometer -~ 
_.... " ... ,,1 • • .1' ..... ,. C'D ... pO .... "o,. 
Experin:ent 5C 
NAME. O"TE 
PREP,tr..REO BY ~l\.1-\ 3-a-7'-
3436-0-2178 PROJECT ENCR. 1,.(:" (; I. I ;;. .;'"'/ .. ;,: COOe:.tCEJrr4Y IDWG NO_ I R;V ." 
tiEXT ASSY USED ON APPROVED 
·J3d4- 8-2.-'1-1; ."... 00515 WM 221 
APPLICATION CONTRACTOR APPROVAL. DATE CONTRACT NAS 5-11396 I '"EET 1 0' 2 
---~ -- ---- -------- ----- ---- --
NO. 
-- -- -- --
Title (~!l1mand Inter;;:ce-Module 
fIY~ Hel;·os Rodio'Mter I Experiment 5C Pl WM221 6 ~~<~- . 
"""iiEV 
.. 
V;ASIIl;\GTO;\ TECII;\OLOGICAL ASSOCIATES, r:-:c. Symbols Sn 2 579 ~OLL1NS Po.vErlUE. ROCKVILLE, MARYLAND 20652 
S;lbsidiary 0/ QI>o2'I'tll S),SIi!'",S Corpo,atio,. T -TOTAL OJANTITY OR RECURRING ITEM SC .. SO'Ji=tCE CC·"TROL DWG Dwg e -BJLJo( ~.~ATERIAL SPC -SPECIFtCATIC .... COt .. , HOL 
Find Qty Sym Code Part Dr Description Spec or Note 
I No. Req'd Ident Identifying No, 
1 9 TX2N2369A Transistor NPN - 017-1 017-2 . 
Mll-S-19500 1 I 3i'7r)' I 
2 18 l'X2N2607A Transistor Q18-1 Q18-2 Q19-1 019-2020-L (" ~'1_,) ! 
Q21-1 Q21-2 Q22-1 Q22-2 Q22-3,Q22-4,Q22-5,Q22-6,Q22 7 I' 
3 7 CSD 5135 Resistor, 51 K 1/4w 5'l~ - R44-1, R44-2 Allen Bradley 
4 7 CSD 1535 Resistor 15K 1 /4w 5~~ - R43-1 R43-2 Allen Bradley' 
5 7 CBD 1035 Resistor, 10K, 1/4\'1 5~f - R45-I, R45-2 Allen Bradley 
6 14 CBI') 1055 R .. si tor 1M 1 /4w 50.~ - P46-1 R46-2 R47-1 R47-2 . Allpn Rr",llpv 
. . 
. 
7 
. 4 
8 . 
. 
> • 
. 
. 
--~ "--.~- ---_ .. _---------
-------
, 
- --- ----
._-
• I 
~.~ tt;ja 
~~ 
~i ~s 
Tifle: 
Schemali c No. 
Drawing No. & 
Ports List No. 
~UU'IIITV 
. 9 
14 
7 
7 
7 
14 
. 
Command Inlerface Module 
3436-J-2163 
WM221 
"W.I ......... 
_.0."""'_" 
TX2N2369A Transistor 
TX2N2607A Transistor 
CaD 5135 Resistor 
CBO 5135 Resistor 
CBO 1035 Resistor 
CBO 1055 Resistor 
FAILURE AND MODE EFFECTS ANALYSIS 
.... ~ .......... -.,~., 
MiI-S-)9500/317D' 
Mil-S-195OO/294A 
Allen Bradley 
Allen Bradley 
Allen Bradley 
Allen Bradley 
. 
Rei. Level 
Failure Derated to 
Rate % of Rated 
%/1000 Voltage 
II .......... --.. , ..... 
.09 lOOk 
.14 lOOk 
.007 1% 
.007 3% 
.007 3% 
.014 1% 
Ambient Effect of Failure 
'-''''''.' -
-'f''-'. _ .. _- _ ... 
70 F F 
. 
70 F F 
70 F F 
70 F F 
70 F F 
70 F F 
-
I.TR 
DESCRIPTION OF REVISION 
OATE APPROVED 
A Added Sheet 3 Items 20 thru 23 end Added -1 to Item 16 
lo-3·n YiJ+-
4-Z."-1~ /-Q;> 
B Revised per DeN 3436-D-2253-Al 
. 
.. ~ -7-7; ~~ 
e Add C2S to Item 3, Rl00 to Item 9, 91 ohm to, Item 13 
,. 
. 
-
Slalus of Revision of Each Sheel 
, 2 1 • 5 5 7 D " 
1~ 11 12 ,3 ,. .5 IS 17 IS ,:; 20 2\ 22 23 2. 25 2£ 27 2~ :9 3J 31 32 33 3.
 35- 11i :'7 3B 139 "V "I! 
A /, A 
B B B 
I 
C C B 
, 
, 
: Jrr;'1--T.1 .. A.SIII:'\CTOS TtCU:\OLOC1CAL A$SoqAn:s. INC. ,.,TLE 
I ,
.I·'·d R.f".i1I~. ~(""I •• II DETECTOR, HEllOS RADIOMETER 
! 
_ .. 
-_.. q ... ,., •• )'.t.,..... ~.~pD .... ttD" 
• EXPERIMENT 5C (PC785) 
! I N"ME. OATE 
. 1 
PREPARED BY 0'\}-) 'l-lF)L 
3436-0':'2171 I PROJ~CT ENGR. 
• ' 1 '~':~ ~ -), I R~V CO:JE::OENT r"G NO. 
, NEXT ~SSy I USED ON APPROVED B~((" '1-;;1-7v 00615 3436-D-2253 
I "rPLIC .. TlON : CONTRACTOR APPRO,{AL OATE CO"NTo~"C:T NAS 5-11396.~sH~~~3 __
 '
------------------. -------- -- . ---_ .. ---- .- .... -. _." 
1(':'3 
I Tilic DETECTOR, HEllOS RADIOMETER I i'L 3436-0-2253 EXPERIMENT 5C (PC 785) 
~A:,lil:\GTO:\ TECII~OLOGICAL AS~OCIATE5. I:\C. Symbuis 
913 rlOL!..i";S AVEr-.US. ROCKVILLE, UARYL;"NO 2GtlSZ 
S:Jbsi.:iiary {II Qu.:nla Sys:~ms Corporation T - TOTAL Q:JANTITY OR REOJRRINI; tTEV, SC -- SOURCE CC~TR::L C\\'G B • nULK M:"TERff..L ~PC -E?EC1F'IC:.TIO'" CCsiROL 
Fir.d ely Cede ?:Ht or Ccsrription 
r..:o~ P,e-..j'j Sym ldent identifying No. 
1 1 3436-C -2170-6 Toroid 1.8 UH L6 
-
2 2 343 /,-C-217D-5 Toroid, .65 UH, L5, L7 -
3 3 CKR05BX KS Ca ood tor (TBD) C53 C25. C26 C28 
~~ 
ttl 0 ~~ 
£) E~ ~s 
4 1 CKR05BX KS Caoodtor I~.Q ____ ~ __ 
Capacitor, .01 UF @ 200 V 1 O~~ C29 0.7 C51 5 3 CKR06BXI03K5 
6 1 TX2N913 Transistor Q20 
TronsistorQ21 7 1 . TX2N2369 
, 8 1 TXl N5711 Diode CR4 
9 2 RCR07G J5 Resistor, TBD , R30, R33, RI00 
10 1 RCR07G471 JS Resistor 470 ohms 1 /4w 50!" R29 
. 
1/4w 5% R31 -11 1 R CR07G 182J5 Resistor 1.8K . 
, 
12 1 RCR07G 183J5 Resistor 1BK 1/4w 5~~ R93 
13 1 RCR07G910J5 Resistor . ~L~m 1 /4w 5% R92 
14 . _. ~ 
15 I 
-16 .' - '. 
~ ----
-
17 CSR13B476KS Capacitor, C52 
18 RCR07G331JS Resistor RIOO 
- _·_4 _ ....... 
19 . 
I~ , 
l IS:' 2 0-'·0 
S;:e.c or ~Gte 
lYT~_ 
WTA 
MIL-C-39014/l 
A-UL-C-
'3901412~ 
""K\Jl ;:5'-
195CO_~OlA 
M"il-!> 
. 1 Q500t317n 
MIL-~-
19500/444 
" .... 1 L -R -3 ?O()S 11 
MIL-R-3900S/1" 
MiL-R-39CO" /l 
MIL-R-39003/l 
MI L -R..:39003/1 
-
I MIL-C-39003/1 
MIL -R-39D08/1 
" 
- .. 
.... ""'.~-"-. 
........... II 
\\"1".:\ Job No. 3oi36-iJG2 
. Contract N.;S5-i!2S~ 
Failure Mode and Effects i\nalysis 
Ti:le DetEctor PC 785 E=Estimate Sche:!latic No. 3436-J -2163 
Dra~dng No.&. Rel.Level 
Parts List.No. 3436-0-2253 Failure Derated to 
Rate 'l'o of Rated 
Rcli:rence 0/0/1000 Voltage, Ambient Effect of Failure 
D£:si!!nation Part No. DescriEtion Seecification 
.Hmu:s Curro Pwr • Temp.oC. Open Short Other Remarks~o:es 
L6 I 3436-C-2170-61 Toroid' WTA 
.05 200/. 70 F IF 
L5 I 3436-C,;2170-5 I " WTA :.05 I 20% 70 F I~ L7 II " .05 200/. 70 F 
C53 I CKR05BX KS I Capacitor Mil-C-39014/1 
.001 r 10% 70 PF IF TBD C25 " " " .001 10% 70 PF F TBD 
C26 " " " .001 100/. 70 PF F TBD 
C28 CKROSBXB2'":4 C.p~it~ Mil-C-39014/1 • 001 12,}" • 70 PF F 
C29 CKR06BXI03K " Mil-C-39014/2 .001 100/. 70 PF F 
C27 II II Mil-39014/2 .001 10% 70 F F 
C5l n . II " .001 12% 70 F F 
C52 I CSR13B476KS I Capacitor Mil-C-39003/1 . 001 100/ • 70 PF iF 
Q20 TX2N918 Transistor Mil-S-19500/30l .01 50,},. 70 F I~ Q21 TX2N2369 II , Mil-S-l9500/317 .01 500/0' 70 F 
CR4 TXlN5711 Diede Mil-S-l9500/444 .01 20/. 70 F "I F 
R30 RCR07GIOIJS Resistor Mil-R-39008/1 .001 10,). 70 F F 
R33 " 
II II' . 
.001 400/0 70 F F 
R29 RCR07G471JS " " .001 10% 70 F F 
R31 RCR07G182JS II II 001 100/. 70 F F 
R93 RCR07G183JS " " _ 001 20,). 70 F F 
R92 I RCR07G JS I- " " .001 70 F F TBD 
R1DO RCR07G331JS " " eel 10% 70 F PF 
l.".~, > .~.m--,'. .......~,. 
.. ~~~';. ~"Ii 
LTR DESCR,IPTION OF REVISION CATE APPROVED 
A Added Items 11, 12, and 13. Quantity of Item 8 was B ~<6 :~-z.-';: /.1 
B Added Items 14 thru 25,'and added Sheet 3 
<zo,,1:, 
\' J ~ 
Revised per DCN SIN 3436-0-2172 - CI 
:-f~h-$ ,)~ 
C 
D Revision per OCNP~3436-0-2171 01 9//1/73 ~ 
, 
r 
I 
Status of Rovision of Each Shoet I I 
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1 2 3 0 5 5 7 S ~ 10 II IZ 13. 14 15 16 17 Ie 19 20 21 22 2, 2< 25 26 21 23 29 30 31 l2 33 34 3S 3; 37 3" 39 :.0 ~I 
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C C -
D - f) 
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jJ1:"~~ 10' "SItI~CTQS TECll:'\()LOCIr. ... L 4SS0(:l.4.Tl:S. t!\'c. TITLE Roc" .. Htr~ ~hr,I •• tI MIXER-Fll TER-DETECTOR ASSEMBLY 
~.-
__ .... q .... ", •• y.r.,..... r:.,.pq ... t,'c" HEllOS RADIOMETER 
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PRS":PA,RE.O BY ,1'.-\( -::·17-17.. 
PRoJECT ENCR. /:,' I ) , r r .. REV COOE ICENT r"G NO. 
NEXT ASSY USED ON A.PPROVEO. i'tf~ 9-::'9-7",,'1/ 00615 3436-D-2171 , 
A?PL.ICA. TIOK CCNTRACTOR APPROVAL. DATE CONN';,~ACT NAS 5-11396 . I SHEET 1 OF 3 
>-.-'"\ 
1?c /;ij gtS fijJ 
10 . 
lr::1 ~ fJ 6J 
. ". ".",' ,. ~.,.,". 
~ 1 
Title MIXER-FILTER-DETECTOR ASSEMBLY 
~ HEllOS RADIOMETER ".'. "::iiJj -""",,",.:;';'; EXPERIMENT 5C 
\\' ASl!l~GTO:-: TECII:-;OLOGICAL ASSOCIATES, I:-;C. Symbols 
97S ROL.!.,.I"lS AVENVE. ROCKVILLE. M~RYLANO 208SZ 
S~bsid;ary 0./ Quanta Sy.stenr$ Corporation T - TOTAL QUA~TITY OR RECURRING iTEM 
a -BuLK I.t,ATER;AL 
Find Qty Sym Code Part or Description Nv. Req'd Idem Identifying No. 
1 1 F-14072A Filter, Fll 
, 
~ 
-
PL 3436-0-2171 
SC - SOCRCE CO~.j.TfmL DWG 
SPC -SPEClo:.-!CAT'ON CONTROL 
I 
7ev1 
ISh Owg 
Spec or Note 
WTA 206140 
--
- . 
.. -
Title l\1ixer-Filter Detector 
S::hematic No. 3436-J-2163 
Dra·.ring No. &: 
Parts List No. 3436-D-2171 
Reference 
Designation 
FL 1 
Part No. 
F-14072A 
Description 
Filter 
Failure Mode and Effects Analysis 
Specification 
WTA 206140 
~ . 
ReI. Lcvel 
Failure Derated to 
Rate 
%/1000 
~ 
•• OC;~ 
I 
0/0 of Rated 
Volt~ge" 
Curr, Pwr. 
Ambient 
Temp.oC. 
70 
Effect of Failure 
Open Short Other 
i 
F F 
.. _"", ... 
WT A Job ~o. 3 .. 3(l-,)C·:; 
.Contract N.;S5-1l39S 
E:oEstimate 
Remarks !Notes 
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LTR OESCRI?nO~ OF REVISION 
A COMPLETELY REVISED 
B Added Items 27 and 28 I 
~ ~evised per DCN PL3436-D-2166-B2 ! 
\ ! l I 
0 DeleteR4 and R26 from Item 21 - Add R26 to ltE!m 12 
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Status of Revision o~ Each Sheet 
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T1TLE 
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.
001 1 20/. 
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~~ fl2-1 " " 
If 
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~~ R25 RCR07G JS Resistor Mil-R-3900S!1 .001 50/0 70 F IF I .. ~! R20 RCR07q222JS Resistor Mil-R-3900Sjl .001 10% 70 F IF 
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APP.ENDICES 
A. Speci fj cat i on 
B. Reliability Analysis 
C. Test Plan 
D. Calibration 
'I. 
APPENDIX A 
GSFC Procurement Specification for Helios Dual Swept Frequency 
Radi ometer System 
Helics Project Experiment Data and Command Handling Requirement~. 
3 GSI=C Specification fOl' Reliability ond Qualt-y AS~UI·('1n.9~ P"Qvisions for 
Helios Project Instrument. 
A-l 
APPENDIX A 1 
GSFC Procurement Specification for Helios Dual Swept Frequency 
Radiometer System 
Al-l 
.I 
.,1 
, 
" ,
., ...... ... , ~-
" . 
PART V - A 
.PC# 693 -32-818 
S-693-P-2 ......... 
--' 29 July 1970 
GSFC PROCUREMENT SPECIFICATION 
FOR 
HELlOS DUAL SWEPT FREQUENCY RADIOMETER SYSTEM 
PREPARED BY 
RADIO ASTRONOMY BRANCH 
LABORATORY FOR EXTRATERRESTRIAL PHYSICS 
GODDARD SPACE FLIGHT CENTER 
GREENBELT, MARYLAND 
\ , 
1 ' 
I . 
I, , 
~ ; 
! ~ 
I 
I 
i 
: ; 
" 
" 
PC# 693-32818 
S-693-P-2 
29 July 1970 
GSFC PROCUREMENT SPECIFICATION 
FOR 
HELlOS SWEPT FREQUENCY RADIOMETER SYSTEM 
,PREPARED BY: Radio Astronomy Branch 
Laboratory for Extraterrestrial Physics 
APPROVED BY: 'CL"~<"~ R. G. tone, Head 
Radio Astronomy Branch 
4 ",2: /'l' I J /', ,: " l ./ '~'.,... / (".;/, ,.-_' .\. '(.,.1 •. ~ ..• ' v ~,~ .c_ - •.. / 
Gilbert Ousley "1 
Helios, Project 
" Manager 
~h"c(, :1:. t ,/ ~, 
GUorge F. Pieper . 
Director 
Space and Earth Science 
b!J(L~7() 
Date 
, t 
i 
,; 
1 : 
;pc #693-32818 
2.1 SPECIFICATIONS 
2.2 
MIL-I-6l8D 
GSFC 5250-P-l 
GSFC X623-63-147 
or equivalent 
Helios Experiments 
Design & Test 
Specifications 
MSFC-SPEC-279 
STANDARDS 
MSFC STD-154. 
MSFC STD-156 
MSFC STD-270A 
MSFC STD-27'1 
2.3 PUBLICATIONS 
GSFC-:,PPI.-ll 
FED-STD-I02 
FED-STD':"'123 
JiHL ~IIDBK -211 
1 
Interference control requirements, 
aircraft equipment 
Specification for Contractor 
prepared monthly, periodic, and 
final project reports 
Specification drawings, engineering 
and associated lists 
Attachment A 
Electromagnetic compatibility 
June 1, 1964 
Printed circuit design and constructi 
Riviting, fabrication, and inspection 
standard for 
Component lead and interconnection 
materials for welded electronic 
modules, spec~fication for' 
Fabrication of welded electronic 
modules, standard for 
Preferred parts list 
Preservation packaging, and packing 
levels 
Marking for domestic shipment 
Reliability stress and fhilure rate 
path for electronic equJpmcnt 
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GSFC S=.l.702",P-I 
Helios Project 
3.0 SCOPE 
GSFC.Specificn~ion for Contractor 
Malfunction Reporting,.March 24, 197 
Specification for reliability and' 
quality nssurance provjsions for 
Helios Project Instruments-
August.-, 7 , \ ~9t70 
Experiment Data and Command Handling 
Requirements Attachment B 
This specification describes in detail, the implementation 
of an experiment to study the radio spectl~um between 50 Idlz 
and 3 lIiHz. The experiment is a dual sweeping receiver designed 
specifically for radio studies of the sun and the local regiort 
of our galaxy. 
4.0 APPLICABLE DOCUMENTS 
Tille specifications, standards, drawings and publications 0:[ 
curiedt issue shall apply as detailed in this specification. In 
the event of conflict, the detailed provisions of this specifica-
tion shall govern. 
5.0 HEQUIREAiENTS 
One proto system, one proto spare system, one engineering 
test unit system, one flight system and one flight back-up 
are required. This specification and Helios environmental test 
specifications will apply to all units. 
5.~.1 The Environmental Test Specifications for ftelios 
flight and spare subsystems is under separate cover and attached 
to thiS specification. 
5.0.2 The Radio Astronomy Experiment for Helios shall be 
designed and constructed to satisfy all of these requirements. 
6.0 GENERAL 
Materials and processes used during manufacturqof items, 
covered herein shall be of high quality, suitable for t.l1C purpo~o} 
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and conform to the applicable Government specifications as 
applied to Materials, Metals, Component Parts, SoldeJ.~ing 
Techniques and WorkmanShip:-
7 . 0 Iv'tECHANICAL REQUIREMENTS 
7.1 CONFIGURATION 
The dual swept radiometer which includes the radiometers, 
internal noise source, and crystal controlled oscillators shall 
-be corii!a1:n-eX:l in one package. The package dimensions, excluding 
possible mounting brackets, shall not exceed 2~ x 5 x 7 inches. 
n1'ttJ JJ1'l1 The radiometer preamps will be separate and loca ted near the 1)e-itO~ \(\~O€Xperiment antennas. ~lle--p1l€ainp-d4.cnlens-ionS--Sha-l-l-:be-l--x-Q--x-4'­~JJ'.;:) v/;i...Ed-~Gs-. Each preamp will be mounted in a pacl{age supplied by 
5ti~ 1.;v .6 another experiment and located near an antenna. The noise/ 
-# I I {ltl1. calibrate switching will be performed by the spacecraft programmel 
~~ The vendor is required to supply the preamp and atte~uator 
10~ switching circuit as a P.C. plug-in module not to exceed one 
inch in height. 
7 .. 2 WEIGHT 
The unit packaging shall employ the latest state-of-the-
art techniques approved by NASA GSFC ').:\ as applied to 
electrical design and assembly 9£ circuit boards, integrated 
circuits, hybrid networks, and individu,al component parts. All 
component parts subject to vibration amplification due to 
Illountin'g, shall be bonded to a rigid structure. The unit will 
then be epcapsulated in a low density foam. 
7 .4 1tlli.RICING 
The ,marking lllUSt not damage the- unit or affect":. i i:S functional 
usc. 
7.5 CONNECTORS 
Fl;i,ght .approved Cannon "DM" non--magnetic connectors are 
reqltircd for, electrical in-terface. Actual type and number will 
I 
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depend upon wire type and spacec;t'aft requirements. 
The connectors shull satisfy the electrical interfac~ 
spe'cifications, and be mounted in accordance with the mechanical 
interface document. 
7.6 FINISHES 
Refer to the mechanical interface document for external 
surface finish. 
8.0 TEMPERATURE MONI'rORS 
Provision "shall be made at the noise source and both 
preamps for mounting a thermistor to monitor the internal 
temperature. An analog output line from each thermistor must 
be provided. " 
9.0 ELECTRICAL REQUIRE.MENTS 
Figure 1 is a block diagram of the Helios MiSSion Swept 
Frequency Radiometer experiment. 
9.1 The S"ystem As~sembly consists of two swept radiometers, 
a noise source for calibration, a redundancy selection circuit 
for independent control of each radiometer, two crystal controlled 
oscillators and two single ended preamplifiers. 
9.1.1 The deSign concept for the Helios Mission is the 
operation ot the burst-radiometer to swec~ in on~ of several 
mod~s, so that the outputs can be read out in the telemetry 
format. The operating modes of the radiometer will be controllcd 
by the spacecraft programmer. The osci11a tor for each radiometcJT 
must be able to swi tcll to any sequence whEm the app;ropria te four 
(4) binary bits' al~e applied. Each radiomcter will be controll cd 
by four lines from the programmer and must be capable of staying 
on one of the 16 frequencies if programmed. 
The calibration oftha radiometer will be accompliShed 
when the spacecraft programmer provides a cal/data command to the 
noise source. The noise.source will have four (4) calibration 
1 ev e 1 s, 0"l"l"'C"·4-Gi.:.:;;re'2\"'C-fl-.:3f.1dly.-m:......cl y n·~H~'\"3:-~lang·(~":" Ii' hd ~L~ 
Each radiometer must be fully redundant with a pair 
or identical channels deSignated A & B. Ln order to select 
channel A or B, the p:r.'Oj)cr Signals must be sent to the redundancy 
. ORIGINAL PAGE IS 
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control circuitry. The redundancy circuitry must be fail-
safe, that is, either A or B must be powered if a failure 
occurs in the switchi~g device. 
9.2 FREQUENCY COVERAGE 
The frequency band swept by each radiometer is 50 lillz 
through 3 MHz. -Table A is a list of the center frequencies 
of each of the 16 channels. The table indicates preferred 
frequencies; however, Some deviation from the actual listed 
frequencies may occur. 
9.3 INPUT IMPEDANCE 
Each Radiometer Preamplifier system shall have a balanced 
input. The balanced input minimum parallel resistance and 
maximum parallel capacitance in the frequency range 50 kHz 
to 3 MHz shall be greater than 100 Id.lohms and less than 8 pf, 
respectively. Phase and amplitude control of each RF amplifier 
compriSing the balanced input circuitry must be maintained in 
order to achieve a high common mode rejection ratio. Phase shifts 
from the inputs of a pair of pre-amps to the input to the radio-
meter low pass filter shall be equal to withi"n 3 degrees at each 
opera ting frequcIlCY .in the range of 50 Idlz to 3 MHz. The 
tangential sensitivity of the dual radiometer system at the 
balanced input shall be equal to or greater than -100 dbm. 
'1'he series equivalent impedances (both reSistance and reactance) 
to ground of the two balanced inpu.t ports shall equal to within 
+5%. 
9.4 PREAMPLIFIER GAIN 
The gain of each member of a pair of matched preamplifiers, 
measured at the input to the low pass filter for Signals in the 
middle of' each dyn.amic range shall be equal', to wi thin +0.3 db 
at each operating frequency up to 3 MHz. 
9. 5 CRYS1'AL FILTER BANDWIDTH 
Each radiolneter shall employ a buffered (!rystnl IF fil tel.'. 
The naIf Power Bandwidth of the crystal filter Shall be 10 kHz 
fo:r channels A and B. The centor frequency of e,;\ch crystal 
filter shall be 21.4. MHz. '1'he crystal f'iltel'::~ shall have a 2.3 
to 1 or better form factor (3 to 60 db bandwidthS). SpuriOUS 
frequency response shall be attennated to -GOdb. Ripple, as 
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applicable, shall be not greater than 0.3b. Spurious frequency 
generation shall not occur if the crystal filters are excessively 
overloaded by large signals. 
9.6 CRYSTAL CONTROLLED OSCILLATOR 
The swept frequency band of each radiometer is tuned by 
its local oscillator. The crystal controlled L.O. frequency 
shall always be above the crystal :Cilter frequency. The L.a. 
is frequency-stepped by applying a 4 bit finary signal to the 
oscillator inputs. The spacecraft programmer will control the 
sweeping action and mode selection of the dual Radiometer System. 
A monitor shall produce a signal for the TM system to indicate 
which L.a. frequency is operating. 
u~ 9.6.1 L.O. Compensation 
.),pIJ'J, ~·ee. ~z..'';~JJtrI . T-h.e-£l'!e..quenC--y.-.o·:f-t-he--b-;-0-;-as-de-t-ermined-by-
It s, tJ ddt tJ t.he.-.s.pa.c...e..Qxa.i...L-px.o{~r,.amme-r..:r==mus:t bp re.pea-t.:-ab±B-w:i.-t.hJ...n--4-..3-p.e..r....cen.t 
tJ If .a..f..-±.h.e-f..i.ller-bandwidt-h. Because of the narrow bandWidth 
I~ I ~ requirements of the Radiometer System, temperature-stable com-
~ ponents for the L.O. must be selected and all temperature 
compensating devices selected with caution. Frequency dwell 
time will be compatible with spacecraft telemetry system as 
prescribed by the encoding system. 
9.7 DETECTORS 
The detector shall have a dynamiC range of 35 to 40 db. 
The Radiometer gain shall be set so that an input level correspond-
ing to cosmic noise in each channel corresponds to about 2.0 volts 
of output on the 0-30db section of the automatic dynamic range 
curve. The detectors output should be limited to 0.0 to 4.8 volts 
and must not exceed under any circumstances -0.25 to +5. 0 volts. 
~. IJ'J'~S The magui tude of the dynamic range slope shall be identical in 
LtC Ch~6.. a~l the dynamic ranges. .!I'··h-@-d..y.:.:o.am.:i,.G='1'-a-l1ge.:!:·cha~ractel.:-istics-Sllall 
~dr/' I ~lIJt:/I"-f-O-1.~.oW--.a--S.t J;' a igl1t. -l-ine-.o f... .db_in--vs -.-·VDG·'Ou t··wi thin. --t--·3d b -for· 
t" A -v.0±t-a-ges-above-0-:-S-VDC. 
't-r l NOTE: All chan.nels shall have Similar dynamiC range 
,(,( I'll characteristics. 
l /!l1v,,~ ;I Dc... ~./ A~tomatic Dynamic Range Operation . ,1'/'/<' 
An automatic dynamiC ),'auge selector/Shall be prov i dcd 
to choose (-:)itherthe 30db, 60db) 90db, Toi· 11fOdJ~} t.lynnmic range for 
the unit. The normal mode of operation shall be 30cib of input 
range translated into a DC output range of 0.0 to 4.8 volts. When 
a burst is receive~~hose range is greater than can be pandled with 
9.7.1 
I 
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tbis dynamic raI]g.~ ,J,the range selector sball switch to the 
60db, SOdb, .6r~-120db! range. Two automatic range flags shall 
be provided ~ange identification. These shall change 
within 5 milliseconds, +1 millisecond after the incoming 
signal exceeds the criteria for the range being used . 
9.7.2 Post Detection Time Constant 
The post detection time constant for radiometer A 
and B shall be 10 .1ll:Ll.l.isGGonds-r-+-l-m:i:-l-l-isecond. Th!8U 100 YnllL, Sc('cR./.r 
.$"0 e YlJ od. j:I- '3 
10.0 INTERNAL NOISE SOURCE 
·For calibration, the dual Radiometer System shall contain 
an internal noise source. This noise source, on command from 
.the spacecraft programmer, shall sequentially generate four 
noise levels above cosmic noise. The cosmic noise reference 
temperature will be about 3 x 107 OK at 1.0 MHz. The spacecraft 
programmer will supply a calibl~ate!data command and dur.ing this 
period the system shall supply four (4) calibration noise levels 
to the preamplifiers at the antem:a stations. The radiomcte).' 
will be swept through its sixteen (16) frequencies at each 
consecutive noise level. The-noise Source shall have long 
and short term stability of +0.5 db and shall be shaped to 
calibrate each range of every frequency somewhere between 1.5 
and 4.0 D.C. volts output. The calibration output voltage shull 
be unique for each of the 16 frequencies as a secondary check 
on the. proper operating frequency of the L.O. 
10.1 CALIBRATION 
Calibration data for each radiometer system shall be 
delivered with the radiometer. These data shall demonstrate 
the proper functioning of the radiometer over its dym1.mic 
range and its operating temperature rangE:' Format for these 
data will be arranged with the NASA Technical Representative. 
7 
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Data shall be taken at 3db steps throughout the dynamic 
range of the radiometer. 
10.2 RADIOI,mTER STABILITY 
The radiometers sba1l have a stability and repeat-
ability corresponding to +0.1 db of input signal for any 
operating configuration within the specification limits. 
This shall apply to output voltages of 0.8 to 4.8 VDC .. 
11. 0 PROGRAM.tlERS 
The dual Radiometer System shall be controlled by the 
spacecraft programmer contained in the experiment 5 data pro-
cessing unit. The spacecraft programmer under the control 
,of the various spacecraft encoder Signals shall provide the 
necessary voltages for L.O. functions; irttcrnal calibration, 
the mode change commands, and other timing functions for the 
successful perform,ance of the dual Radiometer System. 
12.0 POWER 
The power supplied to the Helios Radiometer is +6 VDC 
+1 percent for the main power and +12 VDC for the redundancy 
circuitry. Maximum power consumption for each radiometer 
shall not exceed the values given below: 
+12 V at 10 rna I 'ZA/ 
+ 6 V at 175 ma 
- 6 V at 125 ma 
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13.0 INPUT/OUTPUT SIGNAL CONNECTOR 
An input/output connector from the experimental package 
is required for electrical interface. This connector is a flight 
approved Cannon type. Table 3 shows a probable connector type 
and typical pin designations . 
13.1 OUTPUT LINES TIM 
The analog outputs from the dunl Radiometer System shall 
be in the range of 0 to 5V and have an output resistance of 
less than 10 K ohms. The dynamic range flags shall have a 
binary output of either 0 or 4.0volts to indicate range 1 , 2, 
3, or 4. The output impedance of these lines shall be capable 
of providing 0-4 volts across a 10K load. 
14.0 DESIGN PRECAUTIONS 
The following precautions shall be observed in the deSign 
and fabrication of the Helios Dual Swept Frequency Radiometer 
System. 
14.1 Special attention shall be given to the grounding of all 
circuits and internal sub~units. Due to the essential nature 
of ground connections, they will be reduandant. Power, signal 
and chusf:5is groundS shall be isolated. 
14.1.1 Because of the sensitivity ill the radio frequency 
range of the experime~lt, all sources of RFI within this experi-
ment both radiated and conducted, shall fall below the detection 
level of this system. Furthermore, adequate techniques shall 
be employed to prev(:mt the introduction of RFI into the experi-
ment by the lines used for electrical interface, 
14:1.2 Ileliability of operation is of prima)~y importance 
in the deSign and fabricntion of the system. 
14.~.3 Because of magnetic experiments on Helios, the magnctic~ 
cleanliness speCifications Should be considerod in chOOSing com-
ponents and layout. 
15.0 EHVITIONMENTAL QUALIFICATIONS 
As determined by the applicable specifications listed in 
2.1, the flight units and the flight back-up units shall meet 
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all environmental qualifications, through the range of COll-
ditions specified. 
15.1.0 The units sball be operationally temperature 
tested from -200 e to +70oe. The system shall be calibrated 
over a temperature range of -lOoe to +500e with no degradation 
in performance. A temperature change of 100e, in the range 
-200e to +400C, shall not cause a change of receiver output 
voltage greater than that corresponding to a 0.5db change in 
input signal. The aforementioned temperature stability of 
O.OSdb/oe shall specifically apply to that part of the range 
response curve corresponding to output voltages of 1.0 to 
3.0 volts. 
16.0 GROUND SUPPORT EQTJIPMENT 
Two Ground Support Equipments will be supplied. Each 
will contain a stable noise source for experiment calibration 
in addition to meeting the following requirements. 
16.1.0 The GBE shall supply the proper interface connector, 
power voltages and programming pulses, pulse levels, and all 
Signals for operation of the radiometer. The GSE will in effect 
replace the space~raft for bench checkout of the dual Radiometer 
System. 
16.1.1 The GSE internal programmer must be deSigned to 
duplicate in detail the radiometer inputs supplied by the space-
craft. 
16.1.2 A dummy antenna shall be provided for testing 
and calibra tiOll of the experiment. GSFC will fu:rnish the physical 
length of the dipole antenna and its base capacitance when the 
SIC antenna design is firm. 
16.1.3 ~he GSE noise source shall be calibrated and the 
data supplied with the delivered unit. The GSE noiB~ source . 
shall have short and long term stability of +.05 db, and sufficionl 
power to calibrate the radiometer over its 120 db dynamic range. 
The noiSe source output shall be variable in 1 db steps over 
the dynamic range. 
16.1.4 Calibration 
This unit, in conjunction with the automatic calibra-
tion equipment at the NASA integration facili ty, will 1J(~ lined fo)' 
final calibration of tho system. 
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~ . chONfe 16.1.5 Both GSE's shall operate identically on l15V 
• e,(' :r/..( II ,.!. 60 Hz and on 220V 50 lIz. .....I-n--f.ta-l:.t...i.olli:u-l'";-trllG-no-iB€-f':rOU1:ce. 
Ii!. {)..J 1j}tf1 ~e.w.U-sh-a..:.l.-J:--rurt-chang{' more--t})an O.··(t-l-db· 
{j /)VIJC ".. . 
~ .. 
IN . Ii { 16.1.6 The GSE shall not generate any RFI detectable by 
the spacecraft. 
17.0 RELIABILITY GOALS 
Reliability of operation shall be a primary design 
parameter and shall be given at least equal emphasis with aJ.l 
other design objectives. 
The reliability goals for the unit Shall be as follows: 
(i) Probability of complete failure during a mission of 
10,000 hours operating time less than 0.04. (confi-
dence Ieve1 60 percent) 
(ii) Probability of complete success (i.e. no reduction in 
performance for at least one of the two radiometers 
A & B.) during a mission of 10,000 hours operating 
time greater than 0.8 (confidence lovel 60 percent). 
Both of these figures refer to operation in the space 
environment. 
18.0 SAliTPLING, INSPECTIOn, AND TEST' PROCEDURES 
18.1 QUALITY A~SURANCE AND RELIABILITY. 
The Contractor shall conform tv GSll'C ~-;pecific1i t.ioh(' S~7n2 -1'-1.'1. 
WPi?,ctl contains H(~lios Project, requiremonts 1'01" reliabili ty, qtl:;li t y 
assurance, malfunction reportlng, preferred parts, and configuratiol 
managemont. 
IB.l.l (.lualii:y Parts and Materials. 
The contractor shall implement a program covering 
selection y F>pecificatioJl, and qualification for all items 
to be used in the sys·tem which are not goverllment iurnisl10d. 
Selection of parts shall be 011 the basiS Ql "space 
env iror1ment It 'i:iro;e"ii-"qui~1 i1TE5t"fo-ns - of Erac 11~1')ai;;-'t- (fr--lllufei:';iliT--
f~fs-appTlcrt t:r(.i~rrfie -'te-i'iii-·'isimc-e--cllvii;onmeniii-finpiit:;';--that 
th0'c-o~1')oi1~;iitJ;a-;;-bcel1 'S11CC-;QSsi'un;, employcdmi- sp:tcccrait:Cil--'-
-ox-bi t- OX l1BS . DGjnqi..ml.-ii'fed-vnC({fiv"iTDml\lTift;.i,T~t:-GGtsror-s·p':j l";-0':':-
----cr-aT'rusu-;--ETTort ~~houI{T~m."1de t() Ch(;~:;(:lWiilfCTtTFcad:,;-'-i~uafi fiot! ' 
~ __ ---......,,___ ...... ..-~,~J __ -'~. ,. .... ,. ___ ." ..- •• ___ ~.-----..... ~..,-"'"" ... ,-_, ..• _.~, _p, ...... ~., ___ .~,, __ _ 
to pertinent spec:i fic~-:.tions and to a1.))J.1llize numbox'_ Qf si;Y.lS~!,:,_~l,.LJl. 
~. -,--~.--.-- .. - . gener i c type. When s c 1 eeJ ing_,J tJ;)ILPJ.'j~.YJ.Qu§JX __ .!J.\ml i Jj .. e d .,, __ t:JJ.Q 
'COllt'i·n.ctDr-Shall""d;voL~' particular attentlon to accuracy of data J 
-.---'" .. ,.-----... -~. -~ ... -...--'.~ ... -.-~ ..... ~'---.. '-~'"'-------
applicability of basm3 of qualificatioll, and adcquaey of 
...------.--_______ ~ .. -..-'_ ... _.,..,.,.......--"--=.-0...,,..---------'", . ..-.-
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!!?e~2:..fica tl:Q,ns . ~eed.~_~ addi tio}m1 gqal:lfj .. cation testi..!lli.J 
if any, may then bo dofined. All parts specifications to be 
preE£l,fcd.-12Lfhc-~t;~ciQ_;: .i,QU_l'ocurement of thof:5e parts 
shall be subject to critical review and approval by GSFC. 
~parts afi:Oady in stock that the contl~~ctor intends to 
use their specifications and acceptance records shall be 
subject to review and approval by GSFC. The review will be 
completed by ... GSFC wi thin~.9.xJLi.ng days f.9J.l~g recei...2!... 
of the specifications and acceptance records. Wherever 
possible, parts shall be selected fro~ 
" ) GSFC-PPL-,ll, July a,o, Preferred Parts List 
, . 
I .. ' 
"l .. 
(
All part ratings shall be derated for design use as ) 
necessary to achieve, in conjunction with Simplified design and 
redundancy ~here necessary, the specified reliability for the 
unit. 
The reliability analysis required as a part of the 
final report shall be based 011 MIL-HDBK-2l7, 8 Aug 62 j "Reliability 
Stress and Failure Rate Dat.::t. for Electronic Equipment". 
18.1.2 Inspection and J:".;ceptance. 
All work performed by the contractor will be subject 
to continuing review and approval of the GSFC Project Engineer, 
or his representative(s) at all times (within the including period 
of performance) ~l.lid places. In the event of a dispute or conflict 
betweentl1e contractor and GSFC representative(s), the issue will 
be referred to the NASA Project Engineer. His decision will be 
final.-
In addition to final inspection and acceptance, 
various phases of fabrication and packaging will be monitored. 
Techniques will be subject to review and approval by the approprial, 
GSFC represGntative (8). At critical points during ia)H'icatJ.on 
and testing, workmanShip and procedures may be subject to in-
spection and acceptance, 
All work completed and submitted for final inspection 
and acceptance under this contract will be inspected and accepted 
for NASA by GSFC Code 693 technical representatives as dusignatcd 
by tbc Contract Officer. The unit will b~ accepted only after 
they have satisfactorily demonstrated conformity with applicnGle 
specific~tions and tests, and arc) in the judgement of the io-
spector,operatiortal. 
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Final inspection and acceptnnce will take place 
at the GSFC. 
18.1.3 Failure Reporting System and Reports. 
Ali failures detected during acceptance testing 
shall be reported on GSFC Malfunction Report,Form GSFC 4-2 
(7/64), as required by GSFC Specific~tion S-312-P-I 
Reproduce 2 copies bf Copy 1 of the Malfunction 
Report and distribute as follows: 
a. Copies 1 and 2 to Quality Engineering Branch 
Code 312., 
b. A reproduced copy to Helios Project Office, 
Code 702. 
c. A reproduced copy to the Technical Officer, 
Code 693. 
In addition, the malfunction shall be reported by 
phone no later than one-half (1/2) working days after part 
failure detection. The telephone call to the deSignated 
cognizant GSFC representative shall cite part failed, specific 
test under way at time of failure detection, and any available 
information as to circumstances and/or probable cause, if known. 
A failure analysis shall be performed by the contractor 
to assign definite cause of part failure (e.g. bad component part 
in a submodule, bad weld, failu1'e due to vibx:ation, etc.). This 
analy~i~ should tak~ place as soon as possible and in no event 
later than the delivery date of the final rcport, since it may be 
of assistance to t he contractor. One purpose of this failure 
analysiS system and its reporting is to detect faults of a 
recurring nature in the fabrication and inspection system, such 
as m~ssed welds, so that approprinte remedial action may bo 
taken at the earliest possible time to prevGnt the OCGurrence 
of additional faults of the same type. Care sllould be taken 
in analyzing a failure to prevent additional damage to the rest 
of the submodule or module, to prevent masking of tho true fault, 
and thus enable an nccurate analysis. No part or component which 
fails Shall be thro:w'n:.!. away or destroyed, but shall be deli vcxed 
to GSl!"'C. 
When the Malfunction Report has 'been" cOl~~pleted, re-
produce 2 copies of copy 4 and distribute as follows: 
a. Copies 4 and 5 to Quality Engineering Branch, 
-CodE) 312 
b. A copy to I~lios Project Office, Code 702 
c. A copy to the T~chnical Officer? 
Code 693. 
-13-
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Failure Analysis Heports generated by the supplier 
shall reference the serial number affixod to the Mf\lfunction 
Report. 
The following changes in the i11structions for com-
pletion of the Malfunction Report shall apply for supplier 
use: 
(1) Project Code - Helio in Block 3. 
(2) Subsystem designation in Block 5 ~ Radiometer. 
The use of contractor designed forms is allowed for 
internal contractor record kef;)ping, butthe GSFC Form 4,....2 must 
be submitted to NASA. 
18.2 TEST PROGRAM 
The contractor shall fully test each unit to insure full 
compl:i.ance with all elect:r:ical and mechanical requirements of 
the specifications. In addition, electrical tests shall be 
performed ov(:~r the opex'a ting temperature range. The unit 
then shall be delivered to GSFC where it will be subjected 
to detailed electrical, and integration tests~ It will be 
returned to the contractor within 90 days for plotting, and 
after it is returned to GSFC, it will be subjected to vibration 
tests. Final aeceptance will be made thereafter. 
All measurements shall be made wtth tnstruments which. have 
had their accuracy verified periodically against standards 
traceable to the National Bureau of Standards. 
Data shall be provided to G3.C ~~ specified jn paragraph 
18.5 of this specification. 
The contractor shall be respons},)],' for eleetric!' 11' 
qualifying the unit over the full tempoJ.':1ture ;l'l1ngc. Th 
testing shall be performed at tho contractor's facility. n-
spection of Hll phasE..8 of the actl~al testing cnn be exptc d 
as a no"rmul part of monitoring the c011t),'act by cognizant. 
personnel of GSFC. 
_rhr o!:!.@sm-t-!.~.~_!_j:.~::~E.C£,~.!}2]~ .. _~~1~,. t (:!3~fL ·~.,~~G cJn t:l: act a r s 11 all 
maintain a separate log oi each individun.'1 submoclulc and sy::;tcm 
as a me~1l1S of documenting the history of that item. I~nch log 
shall idcntiJy the i torn l)y submodule type and serial numi.)('l' of 
'system and serial number. Chronological order shnll be main-
tained, ac,:Dunting fox' idle periods oJ time nnd movements. Entries 
shall be complete, clear, and include (but not be limit.ed to) the 
follOWing: 
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a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
i. 
j . 
k. 
1. 
Date and time of entry. 
Identity of inspection or test. 
Environmental conditions. 
Cha:eac"\;eristics being invGstiga ted. 
Parameter measurements (or l.~eference to specific 
test spec paragraph). . 
Identification of instrumentation used~ including 
serial number and calibration date. 
Observed failures and failure report referenced. 
Accumulated opel'ating time (to closest 5 minutes) , 
Operational discrepancies between test results 
and pertinent test specifications or drawings. 
Repair and maintenance record. 
Record. of any unusual or questionable occurrences 
volving the items. 
Identify of person making eutry and time of entry. 
Equipment logs shall be available at all times for in-
spection and review and shall be delivered with the itGm. 
18.2.1 Temperature 
18.2.1.1 Storage Temperature. Not required 
i11-
18.2.1,.2 Opera ticmal Tempera turc.' The unit 511n.11 
be tested to demonstrate compliance with paragraph 15.1.0 of 
this specification. 
18.2.2 Vibration 
The unit shall be tested as ou~lined in Attachment 
A, Helios experiments and test specification. 
18.2,2.1 Sinusoidal Vibration. This test shall 
be conducted by sweeping the appl.icd ±'requency once through 
each range specified in Attachment A. 
18.2.3 Thormal Vacuum 
The unit shall be tested as specified in Attachment 
A, Helios experiments and test speCification. 
18.2.4 RadiO Freqt~:2X Intel~fcrcnce 
Test Shall be performed to prove compliance with 
all l~eq1..1ircments of Attachment Ii. , Helios Experiments and 'rest 
Specifica tion. 
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18.3 TEST EQUIPhffiNT DESIGN 
Design of test equi12~ent for submQdule and system checkou t. 
All llecesSary special tost eqUipmen.t sball be contractor designed 
and furnished. The test specifications will include details 
pel'taining to the special test equipment necessary for checkout 
of tbe submodules and the system as a whole. Since it will be 
for bench test and checkout) the test equipment should not be 
elabo:rate in appearance or dosign, but should be functional 
and emphasize simplicity. The proposed test equipment shall 
be subject to critical review and approval by'GSFC. One 
complete set of test equipment will be required for use by 
the contractor during the fabrication and test period. 
Another set or portion thereof may be required for use by 
GSFC at the time of ETUl' delivery. Exact functioning 
and purpose of the individual test sets will be determined 
by what circuitry the contractor, subject to GSFC approval, 
includes in the respective submodules. ,., 
,18.4 PHE-LAUNCH TESTING EQUIPMENT 
The contractor shall provide the necessary ground support 
equipment for pre-launch testing. 
18.4..1 Pre~·Launch Support Equipm::?t 
This will consist of an accurate noise sourco, tho 
necessary interface COl'l.nector, CW Balun, and dummy antcmna, 
18.4.1.1 Interface. The ground support equipment 
will have prbvisionfor monitoring tho video output of each 
channel and all other outputs. Inputs for operation via 
external power supplies shall be provided. Also any pecossary 
commands for the operation of the unit shall be provid~HI. 
18.4.1.2 CW Balun. Provisions arc to be included 
for inserting CW Signals from a single-ended unbalanced 50 0 
source to the input of the balanced radiometer~. This Shall be 
provided ovortlle entire froquency :t:uugo with a minimum of 
insertion loss (less than 3 db). 
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18.4.1.3 Calibration. Calibration data shall be 
supplied with delivery of the ground support equipment. The 
methods used for calibration are to be discussed and approved 
by the NASA technical director. 
18.4.1.4 Sync Pulse and Frame Pulse Generator. 'rhe 
ground support equipment must supply simulated bit clock and 
frame sync pulses for the proper operation of the dual radio-
meter unit. 
18.5 DOCUMENTATION 
The basic philosophy of the data required is that it must 
be sufficient to summarize the program, document technical 
advances, fully describe developed equipment, and in particular, 
to permit fabrication, adjustment, test and operation of 
developed equipment by any qualified source. 
18.5.1 MONTHLY STA'rUS REPORTS 
These reports should be informal in appearance 
and presentation. They Should be comprehensive but concise 
in nature, and should inform regarding the state of Schedule, 
rate of progr0ss and expenditure, nIl failures referenced, 
current problem areas together with remedial action suggested, 
and problem areas which are anticipated. Urgent problem;,;; may 
be discussed by telephone and these conversations Should be 
referenced in the reports. 
18.5.2 INTEGRATION DATA. 
Forty-five (15) days aiter award of contract the 
following shall be delivored in one (1) reproducible and 
:five. (5) (.10p1e8: 
(1) Outline dl'awing's showing overall dimenSions, 
mounting features, connector location and 
type; and 
(2) Interconnection dingrams. 
... 18 . 5 . 3 TI~ST PLAN 
A test plan shall be provided in five (5) copies 
with the first unit delivered. It shall be fully detailed, 
and sIlall campI etcly descri.l)c bothqualifica tioll testing and 
operational testing. 
'. 
. f 
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18.5.4 TES'l' DNI'A AND PRELIMINARY 01?ERJ\'rION INSTUUCTIONS. 
Complete test and calibration data and preliminary 
operating instructions in five (5) copies shall be provided 
with each unit delivered. Tho test data shall be taken prior 
to delivery on each unit and shall be in accordance with the 
specifiea tion. 
18 . 5. 5 ENG INEERIJJG DRAWINGS 
Engineering drawings of the last unit shall be 
provided in five sets, one of which shall be reproducible, with
-
in 30 days after delivery of the last hardware item. The 
drawings shall be class II (i.e' j the contractor's drawing 
standards shall apply) in accordance with GSFC specification 
X623-63-147 (based on MIL-D-70327). All electrical and 
'mechanical drawings, including complete schematics and parts 
lists, shall be provided. Any contractor specifications that 
are referenced shall be supplied also in the same number of 
copies. 
18.5.6 DRAWINGS/CALIBRATION. 
Lab type drawings of the ground support eqUipment 
and calibration data of the unit sball be d<"live:red one (l) 
copy of each with delivery of the ground support equipr.lent. 
18.5.7 FINAL REPORT 
A final report shall be provided in 20 copies w5thin 
30 days after delivery of the last hardware item. It shall 
comply with reqnirements of GSJi'C S-250-PJ[Hor type III rE~port51 
and Shall include but not be limited to: 
(1) a summ.ary of tho program; 
(2) operation of the system; 
(3) theory of operj),:tion to fully explain the opcr~!_ti<}ll' 
of the SystClli (functional block dhI;;I'ams and 
schematics ShRll be provid(:d ::15 requiJ.~ed); 
(4) maintenance data if applicable; 
(5) complete (; 11' c\1.i t dcscrip'i:;ion; 
(6) complete set of spccifica.tions; 
(7) a reliability ~ualysis; 
(8) a complote failurQ analysis; 
(9) radiation effects analysis; 
(10) compl(~to deSign j.nnJrma l.ion and drnwingr.:1 :1'01:' nny 
test jigs used in testing the uni~; 
l.8 
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(11) test procedures; 
(12) a complete set of calibration data for each 
unit delivered, GSE and flight hardware. 
18.6 P~EPARATION FOR DELIVERY 
18.6.1 GENERAL 
Equipment prepared for delivery shall be packaged 
in a manner to ensure delivery without dama~e. It shall be 
enclosed by a vapor barrier, which shall contain a desiccant. 
The humidity state shall be ascertainable without breakage 
I 
of the vapor seal. The packaging shall also be suitable for 
storage. The package and equipment shall survive a temperature 
range '(non~operating) of -300 C to +600 C. 
18.6.2 SHIPPING INSTRUCTIONS. 
The F.O.B. destination shall be Goddard Space 
Flight Center, Greenbelt, Maryland.- Packages shall be 
marked as follows: 
National Aeronautics & Space Administration 
Goddard Space Flight Center 
Code ~693 
Greenbelt Maryland 20771 
ATTENTION: Richard R. Weber 
Helios Electronic Components 
HANDLE WITH EXTREME CAUTION 
Completed hardware shall be packaged as specified 
by level C of FED STD-I02. A telegram stating date of shipment, 
name of carrier, waybill number and airline freight number shall 
be forwarded on shipment to the 
! : , 
National Aeronautics and Space Administration 
Goddard SpaceFlight Center 
Code 693 
Greenbelt Maryland 20771 
19.0 NOTES 
19.1 PARTS LISTS 
Parts Lists will be submi~ted to:· 
19 
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TABLE A 
STEP CENTER FREQ. (kHz) 
1 26.5 
2 50 
3 65 
4 85 
I 5' 115 
I 
0' 
6 150 
7 195 I I 
8 255 i 
91 340 ! 1 , 
,j 
, 
10: 445 I I 11 585 I 12 765 . 
13 1,010 
I 
I 
14 1,320 
15 2,280 
16 3,000 
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TABLE B " 
", 
, - . 
iCONNECTOn TYPE 'AND'PIN DESIGNATIONS 
, 
• 
. Connector Type: Cannon DDM36W4P with coax insert 
type DM537 40- ~ 
ft '. 
• 
Pin No. 
At 
A2 
A3 
: A4 
1 
2 
3 
'4 
'. ~ .. 5 
.6 
'1 
8 
:".9 
10 
11 
"2 
13 
14 
15 
16 
• 17 
·18 
·19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
~O 
• 31 
·32 
33 
34 
. 35 
36 
ORIGINAL PAGE IS 
OF. .l?OOR QUALITY 
Coaxial 
Coaxial 
Coa.xial 
Coaxial 
120 Solid Pin 
, 
! 
" 1 
· ... ··1 .. 
. -,' .. ' 
'. !  
I'" .: ..... , ..... Function 
R. F. Input from Preamp A 
~. F. Input from Preamp B 
• Noise Source Output to Preamp A 
Noise Source Output to Preamp B 
Noise Source Temperature Output 
.. +6 VA 
.. 6 VB 
Spare 
• 
Noise Source Level Select One - Nl 
Preamp A Chassis and Signal Ground 
NOise Source Level Select Two - 1\"2 
. Preamp B Chassis and Signal Ground 
~edundancy Command > 
Cal/Data Command 
-6 VA 
.-6 VB 
Interlock 
'Interlock 
.. 
+12V for Thermistors and Redund:mcy Circuitry 
+12V for Thermistors and Redundancy Circuitry 
AO Control Line for Oscill~~tor A 
A' 'Control Line for Oscillator A ;. 
A2 Control Line for Oscillator A 
A3Control Line for Oscillator A 
BO Control Line for Oscillator B 
Bl Control Line for Oscillator B 
I • 
B2Con'trol Line for Oscillator B 
I 
B3 Control Line for Oscillator B 
+6.0 Volts Power 
+6.0 Volts Power 
SRI3-A Output 
'SRB':B Output' 
, 
, 
j 
" 
.> 
. 
. Attenua.tor Control & funge Flag One 
Attenu~\tor Conb'ol and Range Flag Two 
Prea.mp B Temper:l.tllre lvIonitor' 
Chassis anJ Signal Ground 
Chassis and Signal Ground 
Preamp A, Temperature Monitor 
-6.0 Volts Power 
,..6.0 Volts Power 
. 
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APPENDIX A 2 
Helios Project Experiment Data and Command Handling 
Requirement 
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HELlOS PROJECT EX.PERIMENT DATA AND 
COMMAND HANDLING REQ"JIREMENTS 
• 
, 
j 
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, I 
HELlOS PROJECT 
EXPERIMENT DATA AND CO;I1:~IAND 
HANDLING REQUIREMENTS 
Sc ' Description of Commands and Data for Expc'r1ment No. 5c. 
Sc-l Description of Commands 
I 
Sc-l.l (A) 'Normal Operation - On cotr.mand the expcl·imen t 
" 
will step through the frequcncies in pairs, 
e.g. 1-9, 2-10, ... 8-16. Seve~al samp~es 
are taken at each pair. 
(B) Radiometer 1 or 2 choice - On command the 
experiment will switch from raoiom:eter 1 to 
2 or from 2 to 1. 
I 
,(C) Sweep Frequency Operation - On command the 
. 
~xperiment will operate in a "sweep" 
frequency mode - stepp~ng sequentially 
through the 16 frequencies repeatedly. 
I (D) ';t'wo Frequency Opera·tion - On command the 
experiment will continuously sample ~n 
arb~ trary': pair £i·om A (~ choices) 
(E) Si~gle Frequency Opera"tion - 0.11 command the 
experiment will lock on a specified observing 
frequency. (16 chOic~S) 
5c-l'.2 Command Execution ~loniitoring 
Verification of all commands should appear 
'as an experiment mode readout in TM:format. 
I 
5~~1.3 Criticality of Commands 
1 
I 
I 
1 j 
1 
1 
1 
No critical commands are forseen. 
, . ~-'''~~--- .. :.= ... -:-;.,..,~ 
5c-1.4 R'equired accuracy of time of Execution. Devia tim: 
of 10 minutes from requested time is gCllcl·ally 
Ii 
acceptable. ~ i1 .~ 
~1 
1 
1 
t-
',' 
" 
j 
1 
1 
I 
f 
l 
~, 
- " 
, 'T 
-, 
j 
- i 
! , 
• 
5c-l.S Cimmand 
50-1. S:'l I -
Profile 
. 
Profiie 'during countdown - Radio-
meter 1 will beoperatin~'in mode A 
50-1.S.2 :profile During Switch-On - Following 
Injection 
Sc-1.S.2.l Nominal Switch-On Sequence. 
Radiometer 1 in' lIode A 
until further notice. 
Sc-1.S.2.2 Ciontingency. Plans for 
Switch-On Sequence. Radio-
. meter 1 or 2. Modes by 
order of preference A,C,D,E. 
Remain in same 'configuration 
until further notice. 
Sc-1.S.3 Profile Duri~g Normal'Mission 
I 
" 
50-1.5.3.1 Normal Profile 
Radiometer 1 in Mode~ 
with occasional (~erhaps 2 
per month) requests for 
other modes 
5c-l~5.3.2 Contingency Plans. 
A choice will be made for 
the best of the available 
modes. 
, 
.{ 
i 
5c-2, Descriptio:n of Data 
I 5c-2.1 Engineering Data 
~c-3 
" 
5c-2.2 
5c-2.1.1 
5c-2.1.2 
1 
I 
I 
Engineering Telemetry List and 
Description. 3 vOltage monitors 
for radi~meter power sUp'plies 
3 temperature monitors 
Sampling Rates 
• A sampling rate of a~~,roximately 
once per hour is sufficient. 
,Scientific Data 
5c-2. 2 .2' 
5c-2.2.3 
j '. • 
The scientific data consist· of one 
I 
output from the radiometer which con-
I 
~ains a measure of the antenna 
tempera 't1,l,re ~np A\.p~tl.i~ry Ql,ltput§ 
:[010 attenuator settin~' and frequency 
~nd~cator. These will all go into 
the DPU which serves Exp 5. 
The Bl?ck Length is 304 bits. 
Sampling Rates. The 304 bits in a 
block are generated in one SIC rota-
tion and stored in a memory. After 
they 'are telemetered to Earth another 
I 
SIC rotation of data is put in memory' 
for transmission~ At normal data 
rates several: rotations will be lost 
t ' ,'I 
between those which are accepted by 
the memory. 
Pr~sentati~ncof'Data 
, . 
5c-3.1 Real Ti"me' Presel'!.ta t,j,on 
1 
5c-3.1.l Engineering Real Time Presentation 
5c-3.1 .. l',l Real Time Profile 
1'he vol tageand tempel·a ture 
l 
1 
:1 
1 
,I 
i 
, 
J 
; 
1 
I 
1 
1 
1 
i 
I 
1 j 
l 
, 
, , 
i " 
r L 
, ! 
! J 
" .~, 
5c-3.2 
," 
5c~S.l.l.2 
5c-3.l.l.3 
I ~leadingS ,constitute only 
a, few readings per hour. 
! 
~hey are needed only' in 
i ~he ea~ly phases of the 
~light or for any critical 
developments in the SiC 
later. 
The vqltage and temperature 
readings will be inter-
preted by hand via calibra-
tions. 
Method' of Real Time Pre-
sentation A tabular listing 
is ade'qua te. 
5c-S.l.2 Scientific Time Profile. Data are neededl 
i i 
. " 
for several days after launch and experi-, 
ment turn-on . 
5c-S.l.2.2 
5c-3.1.2.S 
Description of Data. The 
ahtenna noise temperature 
is determined by hand via 
I 
calibration curves from the 
ridiometer output voltage, I '. . 
t~e attenuator setting and 
I 
tpe t~mperature of the 
, ' 
electronics. 
I 
I Method, of Real Time I • 
P~esentation. A display 
I. 
receiver output voltage vs I " 
time is required for each 
I 
frequellcy for evai.uati()n of 
system performance. 
Quick Look Presentation 
50-S. 2.1 Engineering Quick Look Presen ta tioD •... 
The same requirements as discussed 
. -j 
J 
1 
., 
J 
1 
1 
I , 
._,--,.,"' .. '",.' 
• ,. . 
. '
-, 
I 
-, 
in 5c-3.l.l will apply to Quick 
I 
, . 
. I"ook engineering da ta to detect 
malfunctions throughout the mission. 
5c .. S. ~'. 2 Scientific Q.lick Look Presenta t'ion 
5c-3.2.2.l Quick ~ook Profile. 
Several hours of data 
are required at least once 
per week 
5c~3.2.;2.2 Description of Quick Lool~ 
Data. Same as 5c-3.l'.2.2 
'. 5c~3.2~2.3 Method ~f Data Transmitted. 
5c-3.2.2.2 . Method of Data Pl"esentation 
1 ' i { 
Oper'a: t~onal Mode Status Moni tor~ng 
5c-4.1 
5c";'4.2 
. . . . ~ 
5c:",4.3 
, Monitoring! Points 
I 
Method of Display 
1I1ethod of· Recording--Notes 
• 
~ 
1 
1 , 
1 
4 
1 
l 
,1 
1 
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Reliability and Quality Assurance Provisions for Helios 
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I 1.1 
1.1 
1 .. 2 
SCOPE 
INTRODUCTION. This specification sets forth the minimum 
reliability and quality assurance (R&QA) provisions re-
quired for HELlOS project instruments. 
RELATION TO OTHER CONTRACT REQUIREMENTS. To the,extent 
. I 
that an~' inconsistencies exist between the contract 
schedule and this specification, the con~r~ct schedule 
I' shall ta~te precedence. 
2. APPLICABLE DOCUMENTS 
2.1 GENERAL. The following documents form a part of this 
specification to tlhe extent described herein and in the 
i 
, contract. 
2.2 NASA HANDBOOKS 
2.3 
2.2.1 NEB 5300.4(lA) (Formerly N~C 250-1), "Reliability 
• I 
program Provisions for Aeronaut1c~1'and Space 
system Contractors, II April 1~70 Edition. 
2.2.2 imB 5300.4(lB) - (FormerlyNPC 2;:100-2), "Quality 
-,rogram-Provisions ~or,Aeronautic~land Space 
. ' 
'System Contractors, ". April 1969 Edition. 
2 .• 2.3 NHB 53°9.4 (3A) - "Requirements for Soldered Electrical 
Connections," May 1968 Edition. 
GSFCDocuments 
2.3.1' S-312-p-l "GSFC Specification for Contractor 
Malfunction Reporting," March 24, 1970. 
2.3.2 GSFC Preferred Parts List, Latest edition in ef.fect 
on date of Request for proposals. 
\ 
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2.4 DOCUMENTATION SUBMITTAL. The contractor shall submit all 
documentation specified herein and tabulated in Appendix A. 
The definitions of approval, review, and information in 
$ection lB103 of NHB 5300.4(lB) apply to this requirement • 
I 
I. 
,3. 
3.1 
3.2 
. ' ~e contractor shall prepare a milestone chart for docu-
mentation submittal and distribution. 
REQUIREMENTS 
QUALITY ASSURANCE. The contractor shall establish and 
faintain an' effective q~ality program to satisfy, as a 
rinimum, the following provisions of NASA Handbook 
1mB '5300.4 (lB) : 
3.1.'1 Chapter 1: Introduction. All paragraphs. 
3.1.2 Chapter 2: Quality Program Management and Planning. 
paragraph lB200 General. 
paragraph lB20l Organization. 
paragraph lB202-l Training 
paragraph lB206 Qua.lity Program Plan 
3.1.3 cliapter 3: Design and Development Controls. 
All paragraphs. 
3.1.4 Chapter 4: Identification and Data Retrieval. 
Paragraph lB400 General. 
paragra.ph lB40l Identification Methods. 
paragraph lB402 Docu~ntation. 
3.1.5 Cha~ter 5: Procurement Controls. 
paragraphs 
3.1.6 Chapters 6 
~LIABILITY • The 
lBSOO through lB506. 
through 13. All paragraphs. 
contractor Ghall implement a reliability' 
. ! 
program in accordance with thQ following provisions of 
NASA Handbook NHB 5300.4(11\);1 
2 
I t- . . ••. 
• • 
... 
3.2.1 Chapter 1: Scope. All paragraphs. 
3.2.2 Chapter 2: Reliability Program Management. 
paragraph lA20l-l, Reliability Program plan. 
, I 
Paragraph lA20S-3, Supplier Control. 
3.2.3 . Chapter 3: Reliability Engineering. 
paragraph lA303-l, Failure Mode, Effect and 
Criticality Analyses. 
paragraph lA30S, Design Review program • 
• I 
paragraph lA306, Problem/Failure Reporting 
and Correction. 
Paragraph lA30S, Parts and Materials Program 
3.2.4 Chapter 4: Testing and Reliability J?:valuatio.J'l. 
paragraph lA402-2, Testing-Quali£ication of 
Hardware. 
Parag,raph lA402-3, Testing - Test Specifications, 
Procedures and Reports •. 
3.3 PROPOSED R&QA PROGRAM PLANS. The contractor shall submit 
a Reliability Program Plan and a Quality Program Plan with 
his proposal. The plans shall describe how the contractor 
will ensure compliance with the requited R&QA provisions 
. j 
and use the same paragraphing format ofNHB ~300.4(lB) and 
(lA). The contractor shall also submit a cos.1;-estim~te for 
. . 
each, element in the Program Plans. 
3.4 sqLDERING. The contractor shall establish and maintain a 
s9ldering program meeting the requirements of NASA Handbook 
NHB S300.4(3A). 
3.4.1 ~e dOCllments required by paragraph 3A207 shall be 
submitted to the designated GSFC QA representative 
for review. 
3 
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3.5 CO~FIGURATION CONTROL. The contractor shall submit a 
i 
prpposed and a final Configuration Control Plan to 
r 
de~cribe the contractor's formal means of technical 
!. -ev~luation, documentation accoUllting, and approval of 
".., ..-... 
changes to end-items in accordance with GSFC requirements 
for Configuration Control. 
-3.6 MALFUNCTION REPORTING. The contractor shall report 
malfunctions to GSFC as required by S-312-P-l. 
3.7 PREFERRED PARTS LIST. The contractor shall select parts 
i 
f~om the GSFC Preferred Parts List (PPL). Parts not on 
I 
tlle PPL will be considered as "Non-Standard Parts" and 
I W~li require the approval of the Parts Bra~ch,'-~ode -3~1, 
... ..-- , ____ , ____ t ...lI 
GSFC'. The contractor shall submit app,ropriate data as 
r 
necessary to justify the use of any non-standard part. 
__ .. _______ ~, .... ~.--- .... -~.," - ---.... ~---_ to _____ _ 
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APPBNDIX A 
~;: ~~ RlOA ~TAnON SUSMITl'At. CltAIlT ~6J OOWMBNT 
C! Proposed Quality Progran Plan 
I ~ Qual i:ty Program Plan 
.Change Control System Document 
-----,--
Test Specifications, Inspection and Test 
Procedures, and End-Item Inspection and 
Tes;t Specs and Procedures . 
End~Item Insp. & Test Report 
Written Requests for NASA C.O. Approval 
Documentation Package, 
1.. ~Proposed Reliability Program Plan 
C Reliability Program Plan 
Design Review Input Packages 
Design Review ~Ieeting Minutes 
Design Review Repor'ts 
- Parts, Devices, & Materials Specs. 
RSP. 
S-702-P-I 
lB206 
lB302 
18702, 
18703, and 
18704 
IB70S-7 
lBBOS 
1B1102-2 
S",702-P-I 
lA20} 
lA30S~1 
,lA30S-1 
lA30S-:-l 
lA30B-4 '-
SUBMIT Fat 
APPR REV. 
x 
'x 
x 
x 
I x 
x 
x 
x 
. Parts, Devices,. & Materials QuaIlf. Test IlA30B-S_ x 
Specs. & Reports 
• Parts, Devices, & Materials Lists IlA308-6f..· x 
Parts, Devices, & Materials Application 
Review 
Qualification Statu~ List 
GSFCMalfunction Report Form 4-2 
~.4 ~ Co~figuration Control Plan 
Nlo Proposed Configuration Control Plan 
-------
------, 
rA:we-71... 
lA402-2 ~_ 
t
_3l2_P-1 I x 
-702-P-l I x 
-702-P-l 
x 
x 
x 
INFO. 
x: 
x 
x 
x 
x 
SEND TOi 
Project Off. 
Project Off •. 
Project Off. 
Project Off. 
Project Off. I 
Contract.Off. 
With End-Item 
Project Off. 
Project Off. 
Project Off. 
Project Off. 
Pro ject Off. 
Project Off. 
Project Off. 
Project Off. 
Project Off. 
Project Off. 
Project Off. 
Project Off. 
Project Off. 
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S ,.With Configuration Control Plan 
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S With documentation package 
S When written 
S Wi th shipment 
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I 
S I With Proposal 
S Within 30 days after ~ward, 
10 lIS working days before 1Deetl.~. 
10 , S working days after meeting 
10 30 days after meeting 
S With Parts, Device, & Matr. 
List 
S I With Parts, Device,.ar Hatr. 
List 
S I 60 days prior to initiation of 
d!~tai1ed design 
S With Design Review Input 
Package 
S With Parts, Devi~e & Matr. List 
As required by S-312-P-l 
5 I Within 60 days after award 
5 With 'Proposal 
:"7f~~j~,..,.;;rr~;". ,~J;~;,.,;. , ...... , ....... , ",. ..",.If. , ... ,; !~,..~ _ ......... _.~~ •. , '-,-.-. -_'~_, _, _. _;J .. ' ~~~--~--
"""?ww"'N'jJj"':!:hinili""t'N:! S',,",,"''',",'h'". t." ' ..... ' ,,_ ........ ' 'M" 'ct' 
'.. ' .. " ..
... it '*,,"'. 
1r 4 
, 
: f 
~ ~.~ 
; ; : 
, t 
! 
, 
i 1 
; ; 
, 1 
System 
APPENDIX B 
Reliability Analysis for Helios Dual Swept Frequency Radiometer 
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RELIABILITY ANALYSIS 
FOR 
HEllOS DUAL SWEPT FREQUENCY RADIOMETER SYSTEM 
1.0 INTRODUCTION 
This is a qual itative failure mode analysis of the Radiometer system developed by 
. Washington Technological Associates for the NASA Goddard Space Flight Center under 
Contract No. NAS 5-11396. 
The reliability estimate (calculation enclosed) gives a value of .861, well within the 
reliability goal of .80 given by the specifications. 
The estimate is based upon reliability data available in MIL Handbook 217B and on the 
use of the newly manufactured oscillators installed in flight systems '1 and 2. By using factors 
for space use, failure rates were obtained for the components used and the reliability of the 
system was calculated. 
Ths failure rate for the hybrid oscillators was calculated on the basis of discrete com-
pOnents. It is a fair assumption that if the assembly process is mature and accur(ltely controlled, 
the hybrid assembly will be more reliable than a printed circuit board or a corc;lw~6d construction 
unit because the number of connections is reduced by one-third to one-half. 
The first oscillators built demonstrated an abnormally high failure rate. This was traced 
to incomplete removal of trichlorethelyne used in the cleaning process. Premature failure was 
discovered on a number of units, including some of the units in prototypes 1 and 2. The process 
w~ changed and tightly controlled with the Government witnessing at every step in the process for 
'-~- ~-' 
flight 1 and 2. As a result, we do not know of a single operational failure of these new oscillators. 
i' 
.' 
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R~cently, however, it has been reported that the ~nit in B spacecraft, i.e. the flight 2 
, 
radiometer, shows some signs of instability that mayor may not result in a failure. The 
suSpected channels are two channels on radiometer A and one channel on radiometer B. 
IfQne assumes that the two channels on radiometer A fail, then the experienced failure 
rdteis 1.97 X 10-5 rather than the .394 X 10-5 predicted. Using 1.97 x 10-5 in the 
reliability calculations shows the reliability of radiometer A to be .693 and the re-
dJndance reliability of the radiometer systemt~ be .8~45. 
2.0 'DEFINITION OF THE SYSTEM 
The Helios Dual Swept Frequency Radiometer system is designed to measure the ampl itude 
I 
of a differential signal obtained from a pair of monopole antennas mounted on the Spacecraft, I ' . 
in the radio spectrum between 26.5 kh~. and 3 Mhz. The measurement of the amplitude of the 
differential signal is derived from samples of amplitude at sixteen discrete frequencies, which 
are obtained from a continuous sweeping of the entire band. Amplitude calibration is obtained 
by means of an internal source of constant value. 
3.0 CONFIGURATION OF THE/SYSTEM 
• The system is shown in simplified block diagram and in the complete schematic blueprint 
attached t~ this report. 
The two antennas are mounted on the spacecraft 180 degrees apart to obtain the differential i 
component of the field; they feed separately into the two pre-amplifiers. These preamps are 
matched for gain and phase shift and their gain is automatically controlled by the radiometer to 
obtain a range of 90 db. An internal noise source for calibration purposes is included, and is 
controlled by a relay. 
The outputs of the two pre-amplifiers are connected differentially to the input of the 
Radiometer's amplifiers. 
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The two radi.ometers are used in standby redun
dancy and co~sist of the following main 
components: 
a) The super heterodyne amplifier with sixteen separat
e local oscill~tors, a mixer, 
crystal filter, I. F. amplifier, detector, and l
og amplifier. 
b) The range control circuit (which automatically ~odifies the g~:'lin of the pre-amplifieiI 
and telemeters the appropriate gain flags). 
c) the telecontrolled logic command for the switching
 of the 10caJ oscillators, the 
noise calibration signals and redundancy com
mand. 
4.0 DEFINITIONS OF OPERATING STATUS 
For the purpose of this Failure Analysis, the 
system is assumed to have succe~sfully 
survived the launching stresses and t~ operate in space vac
uumwithina temperature range 
of -20 to +70 degrees Centigrade. 
A failure is defined as the complete absence o
f the signal indicating the level of radiation 
to be measured, and/or the absence of the range
 flag. 
A ,partial failure is defined as any irregularity
 in the radiation IEivel signal, whether this 
is produced by improper calibration, imprope
r frequency sweeping or other Qf\omaly. 
I A successful operation is obta
ined whenever the signal level is transmitted 
at all frequencies 
'/ 
established and the level flags show proper pe
rformance of the gain, control system. 
5.0 FAILURE MODE ANALYSIS FORMAT 
The enclosed failure mode analysis is made at
 the subassembly level; the effect of 
the failure of the individual parts 'in the'sh6it
and open modej~ the effect on the particular 
subossembly considered. 
Each subassembly is indicated by the title she
et, the parts list, and the failure mode 
and effects sheet. 
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For example, the first analysis is on the Pre-amplifier ,.and the effect of the failure 
shor~ is the failure or partial failure of the pre-amplifier, not of the total ~ystem. In the case 
~f the Radiometer, its subassembl ies are I isted on the ports I ist of the Mother Board PC 731. 
With the exception of the oscillators, all subassembl ies of the Mother Board are essentio I to
 
the operation of the radiometer; therefore, the indication of failure of the subassembly is a , 1 ' 
:: i direct indication of the failure of the radiometer. The failure of anyone of the 16 
oscillators 
. : 
I] L 
i ~ 
, I 
I j 
, , 
~ : 
1 , , 
would imply only failure of the radiometer to transmit that particular frequency of the fault
y, 
oscillator, and should therefore be considered only a partial failure of the radiometer. 
In other words, the effect of redundant configurations is not indicated in the analysis 
I' 
sheets, but will be considered only in the discussion. 
6.0 DISCUSSION OF ANALYSIS RESULTS 
6. l,!re-ampl ifiers 
The two ampl ifiers are matched to eliminate as much local interference and self-
generated noise as possible; however, since each pre-ampl ifier can be calibrated separately
 
from the ground, one can still obtain a calibrated signal in the radiometer even with one of 
the 
twe) pre-ampl ifiers not functioning. Depending upon the amount of internally ge~erated noise 
and local interferen.ce, the failure of g pre-amplifier can be considered a partial failure of the 
system, even though the two pre-ampl ifiers are not strictly connected in redundant configur
ation. 
The very lar~e percentage of parts at the 0.001 established level of failure rate makes. this con-
, 
, . 
figuration highly acceptable. 
6.2 Radiometer 
The two radiometers are in redundant configuration as explained previo~sly and there-
fore, no signal part failure will produce a system failure. In this sub-assembly I the large 
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number of canponent parts purchased to low established failure rate le,vels, and the highly 
derated operating conditions assure a long fdilure-free operation. 
7.0 NON-REDUNDANT ELEMENTS 
The Noise Source is the larger non-redundant element in the system, its function, however, 
cannot be considered absolutely essential to the operation of the system, because ,the system is 
cblibrated completely before launch with a much more accurate signal source. Its:use in space 
I 
i i. needed only in the event of a variation in the received signals, to deterlT)ine if they are pro-
duced by a failure in the system or some other malfunction in the rest of the satellite. 
Other non-redundant elements in the system that must be considered critical are: the 
redundancy switching, the transformer board, and the command interface. 
8.0 CONCLUSIONS AND RECOMMENDATIONS 
This failure analysis has shown a well-balanced design configuration of the various com-
ponents in the system, with redundancy used only at the largest components level giving adequate 
~ssurance of reliable performance of the system. 
I 
A large percentage of the parts used have established reliability levels or were selected 
from the Preferred Parts List; however, many parts had to be qualified. 
It is interest!ngto note that the preliminary reliability analysis delivered on October 3, 1972 
relied primarily on estimated data for most parts. The failure rate presented in the final report 
.is higher by a factor of approximately 2.5 but the reliability estimate for the radiometer dropped 
only from. 992 to .970. This small drop is largely because of the redundancy of the radiometer. 
It can also be seen that if the oscillator failure rate is assumed to be twice as great as presented 
(.394 x 10-5 to .788 x 10-5) the radiometer reliability decreases from .970 to .952 and the 
system reliability decreases from. 861 to .845. As previously shown if two osci lIatorsfaii the 
rat~ is increased from .394 X 10-5 to 1.97 x 10-5 and the system reliability decreases from .861 
to .8045. I -
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RELIABILITY ESTIMATE 
FOR 
HEllOS DUAL SWEPT FREQUENCY ~DIOMETER SYSTEM 
ELEMENT 
Preamp 
Mixer 
Filter 
AGC 
OScillator 
Mother Board 
Output Card 
IF amp 
Amp. 
~ic 1 
LOg,ic 2 
Logic 3 
TPTAL RADIOMETER 
! 
Noise Source 
Noise Swi tch 
TOTAL NOISE 
RFdundancy Sw. 
Transformer 
Command Interface 
TOTAL SYSTEM RELIABILITY 
.446 
.22 
.062 
.253 
.~94 
.016 
.• 426 
•. 093 
.195 
.:126 
.:136 
.'171 
2.088 
.265 
J406 
I 
1671 
I 
1066 
.055 
.265 
RELIABILITY REDUNDANCE 
FRT e-FRT . RELIABILIlY 
.0446 .956 
.2088 .8196 
I 
l0671 .935 
I . 
~066 .993 
.9055 .985· 
.0265 .973 
.998 
.• '170 
.861 
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Helios Radiometer Experiment 5C Test Plan 
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U HEllOS EXPERIMENT 5C TEST PLAN OUTLINE 
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11.0 GENERAL -, ! 
2.0 ELECTRICAL TESTS 
2.1 Crystal Filter Bandwidth 
2.2 Crystal Osci lIator Stabil ity 
2.~ Log Amp Stabilization 
2.4 Noise Source Cal ibration 
2.5 Preamp Operation 
2.5.1 Input Z 
2.5.2 Phase Matching 
2.5.3 Gain Matching 
2.6 Post Detection Time Constant 
2.7 Output Vol tage Stabil ity 
2.8 Power Consumption 
2.9 Precalibration 
2.10 Calibration (computer) 
2.10. 1 Calibration (without computer) 
r' ~ ~ 3.0 MECHANICAL TESTS 
L~ 
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3.1 Weight 
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1.0 GENERAL 
The purpose of this test plan is to provide testing and operating procedures for 
qualifying and operating the HEllOS Radiometers. This plan includes operating procedures, 
flle'ct:,.ical tests, mechanical measurements, integration, and environmental tests. 
1.1 Test Equipment 
All test equipme~t used to test or operate this experiment must be calibrated 
at the time of the test, as defined in the WTA Quality Assurance Handbook and as monitored 
, 
by the appropriate DCAS Representative(s). 
1.2 Test Documentation 
Each test must be recorded on data sheets made for that purpose or in data notebooks, 
as appropriate. Each entry must be dated, signed, and the test equ~pment used noted • 
l 
1 
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2.0 ELECTRICAL TF.ST 
The purpose of Eilectrical testing is to verify that the equipment meets the electrical 
specifications of GSFC Specification S-693-P-2 as amended by Contract NAS 5-11396. 
Certain electrical tests can best be accomplished before the Radiometer is packaged, 
i.e., Items referenced in 2.2, 2.3,2.4, 2.5 - all others are tested with a complete Radiometer. 
i 
2.1 Crystal Filter Bandwidth 
The purpose of this test is to demonstrate that the following specifications are valid: 
1 ~ Bandwidth - 10kHz t 1 kHz at 3 db points. 
2. Skirt Selectivity 
Bandwidth 
10:kHz - <-3db 
23 .kHz - > -60 db 
Ripple - <.3 db 
This test is made with the Radiometer. connected to and operated by the GSE, but 
without preamps. Connect the Radiometer and test equipment as shown on figure 2. 1-1 • 
Operate the Radiometer as outlined in Appendix A. Turn on GSE and Radiometer power 
and adjust the channel selector to Channel 10. The filter response should now show up on 
the screen. Measure Qnd record the 3 db and 60db bandwidth and ripple atroom temperature. 
Data from this test should be recorded on Test Data Sheet 2.1-1. 
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Date 
------
Test Data Sheet 2.1-1 
HEllOS RADIOMETER 
---
Radiometer AlB Preamp A/B 
Time Started 
------
Crystal Filter - SiN 
-----
Test Conditions: 
Test Equipment Connections: 
(Sheet 1 of 2 ) 
---
Time Ended 
------
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[)cite 1-----
'Test Data Sheet 2. 1-1 
HEllOS RADIOMETER 
--~ Radiometer A/B Preamp A/B 
Time Started 
-----
Crystal Fi Iter - S/N ___ _ 
(Sh~et 2 of 2 ) 
Time Ended 
-----
Temperature 
+f:IJ°C 
3db Bandwidth 
Ripple 
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2.2 Crystal Oscillator Frequency Stability 
This test is used to determine the total frequency variation over the temperature 
range of -200 to -+600 C. Because of monitoring difficulty, this test must be performed 
with each oscillator as a separate entity. 
Set up equipment as indicated in figures 2.2-1 and 2.2-2. Note the output 
frequency at +250 C, -200 C, and -tOOo C. Subtract the maximum positive and negative 
excursions~ The result 'is the total frequency variation of the oscillator. 
Data from this test should be recorded on Test Data Sheets 2.2-1 and 2.2-2. 
5 3 
1 11 
Environmental Test Chamber 
+6 VDC Power Supply I 
- -:-
-, 
Oscillator I 
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Test Data Sheet 2.2-1 
HEllOS RADIOMETER. __ _ 
Radiometer A/BPreamp A/B 
Date Time Started 
------
------
Radiometer A - Crystal Oscillator 
Test Conditions: 
. Test Equipment Connections: 
(Sheet 1 of 2 ) 
Time Ended 
------
, 
I 
1 
! j 
• 
I f 
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, 
Date 
-----
, Test Data Sheet 2.2-1 
HEllOS RADIOMETER 
---
Rfldiometer AlB Preamp AlB 
Time Started 
-----
(Sheet 2 of 2 ) 
Time Ended 
-----
Radiometer A - Crystal Oscillator 
Channel 
, 
1; 
2 
3 
I 4 
I 
5 
I 
I (> 
! 
7 
8 
9 i·' 
1:0 
11 
12 
13 
14 
i 
15 
16 
I 
! 
SIN 
Frequency 
@250C 
Frequency 
@ -20°C 
• 
Frequency 
@ -+60o C 
r -
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Date 
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Test Data Sheet 2.2-2 
HEllOS RADIOMETER 
---
Radiometer AlB Preamp AlB 
Time Starte~ ~-----
I 
Radiometer B - Crystal Oscillator 
Test Conditions: 
Test Equipment C,9nnections: 
(Sheet 1 of 2 . ) 
---
Time Ended 
------
• 
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Date 1-----
Test Data Sheet 2.2-2 
HELlOS RADIOMETER 
j .• I 
---
Radiometer A/B Preamp A/B 
Time Started 
-----
(Sheet 2 of 2 ) 
Time Ended 
-----
RadiometerB - Crystal Oscillator 
Chanrel 
1 
2 
7 
8 
9 
10 
11 
i 
12 
13 
14 
15' 
16 
SIN 
Frequency 
@250C 
Frequency 
@ -20°C 
Frequency 
@ -t60oC 
C-13 
'I ;;; 
2.3 Log Amp Stabilization 
Test procedure for the log amplifier. 
Connect ± 6V supply to the proper terminals of the board. 
R~cord the current for ± supply. 
Connect the test equipment as shown below: 
TEST CONNECTIONS 
~ LOG AMP CARD 
I 
, 
i 
Digital 
I 
Voltage 
Source 
'It 
+ 
-
I 
6V Power I 
r 
Supply 
, 
'" ., 
I 
DVM 
. 
C-14 
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1 
I , 
1 
J 
,1 
j 
'J 
, 1 
J 
'i 
I 
I 
1 
1 
! 
1 
". '.I 
" Ii 
~ i} 
, 
ill' 
'1 
\, : 
I 
I 
2.3.1 Vary input voltage in seven steps as shown below and record output voltage at 
DVM with ambient temperature at -100 C room temperature and -+600 C. 
I 
Input (mv) 
I 
- 4mv 
-10mv 
i 
,20mv 
I 
I 
I 
.J40mv 
+omv 
-250mv 
1 
-400mv 
Output (volts) 
Test Data Sheet 2 ~ 3. 1-1 shoul d be used to take data for this test. 
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Log Amp 
Test Conditions: 
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Test Equipment Connections: 
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---Radiometer AlB Preamp AlB 
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-----
I +250 C I Illput Output 
lOrfjv 
20mv 
40mv 
lOOmv 
2S0mv 
400mv 
i i i I I 
I 
lpmv 
20mv 
40mv 
lOOmv .. 
2S0mv 
400mv 
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-20°C i600C 
Output Output 
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2.4 N~ise Source CaHb~ation 
This test is used to determine the frequency response, and variation of output level 
o~er temperature, of the noise source assembly PC-722. Because of monitoring difficulty, 
i 
I 
thjs test must be performed with the noise source as a separate entity. Set up equi pment as 
in1icated in figure 2.4-1. Record the output level at +250 C, -20°C, and -tQOoC. Also, 
I 
plbt the oui'put level versus frequency at +25° C on a graph. Switching either 51 or S2 to 
I 
I 
-6VDC should reduce'the output level by approximately 20db. Switching both SI and S2 
should reduce. the output level by 40db. 
Data from this test shall be recorded on Test Data Sheet 2.4-1. 
+6VDC -6VDC Ground 
J.r- - , --. 
. :.·.·.:1 
! ; 
" I 
i 
I .. 
t· il 
! I 
1 
r--~-I...--~.., E3 or E4 I 
El E2 E5 1-----,:.-..-------------:----1 Spectrum Anaylzer 
. 
HP8553B 
.. !~ 
I I 
it 
;:.. .. ," 
L 
, PC 722 I 
I 
I 
_______ J 
Environmental Test Chamber 
+6VDC 
Sl 0 • -6VDC 
I 
.... 
+6VDC 
S2 0 • -6VDC 
Figure 2.4,,:, 1 
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Date 
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Test Data Sheet 2.4-1 
HELlOSRAD IOMETER 
---
Radiometer AlB Preamp AlB 
Time Started 
-----
Noise Source Output Level 
S/N __ _ 
Test Conditions: 
Test Equipment Connections: 
(Sheet 1 of 2 ) 
Time Ended 
-----
1-
C-19 
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I Test Data Sheet 2.4-1 
HELlOS R!~DIOMETER __ _ 
Radiometer A/B Preamp A/B 
Date Time Started Time Ended 
-_._-
----- -----
Noise Source Output Level 
TEMPERA iU R E 
SIN -20°C 
10 kHz 
500 kHz 
"' 
~ MHz 
! 
I 
2MHz 
3MHz 
-40db,..--______ -r--_______ -+ ______ --.., 
., 
" 
. 
-52d~~ _______ ~ __________ ~~~ ____ ~ ____ _J 
OMHz--: 1 MHz 2MHz 3MHz 
C-20 
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2.5 Preamp Operation 
2.5.1 Preamp Input Impedance 
I ' 
This test is used to determine the input impedance of the preamp assembly PC-716. 
Set up equipment as indicated in figure 2.5.1-1, Mode "A". Set the signal 
generator to 20 kHz and note the output level. Change to Mode "B" and adjust the poten- ~ 
, ' 
tiometer for a 3 db reduction in output level. Measure and record the potentiometer resistance. 
~epeat this procedure at every octave up to 3 MHz. Chan'geto Mode, "C". Adjust the signal 
! 
~enerator to 20 kHz; adjust the p,otentiometer to the resistance obtained with the preamp at 
I 
20 kHz, and return to Mode "A II .- the output level should be the same as that obtained in 
I " 
Mode "A"above. Adjust the frequency to 3MHz. Adjust the potentiometer to the resistance 
obtained with the preamp. Note the output level. Change to Mode "C" and adjust the 
capacitor for a 3 db reduction in output level. Return to Mode "A". Set the signal generator 
to 20 kHz and note the output level. Change to Mode "C" and adjust the potentiometer for 
, . 
a 3db reduction in output level. Measure and record the potentiometer resistance. Repeat 
this procedvre ~t every octave up to 3 MHz. Compare the results obtained in Modes "B" and 
lid'. They should be the same. Measure the capacitor. The result is the equivalent input 
impedance. 
Data from this test shall be recorded on Test Data Sheet 2.5.1-1. 
I 
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Signal Generator 
HP 651 
I 
II A II "<f'<~--IE~ 
IIAII 
:;> "AII 
"AII 
Fig. 2.5. 1-1 
~P;;;pl.~IVTVM I 
-. . I ~J . HP3400A I 
VTVM 
~-"--~r-------iHP3400A I 9-35 pI 
C-22 
t 
t 
, I 
Date 
-----
I 
Pr~amp s/N ___ _ 
Input Impedance 
Test Conditions: 
Test Data She.et 2.5.1-1 
HEllOS RADIOMETER 
---
Rafiometer AlB Preamp AlB 
Time Started 
-----
Test Equipment Connections: 
(Sheet 1 of 2 ) 
" 
Time Ended 
-----
Temperature 250 C 
I 
1 
I 
1 
l 
1 
j 
i 
I 
I 
Date 
-----
i 
I 
p're;amp SiN I ----
Input Impedance 
Calibrate Test Set Up: 
Freql./ency 
20 kHz 
200 kHz 
500 kRz 
1 MH~ 
3MHz 
I 
Test Data Sheet 2.5.1-1 
HEllOS RADIOMETER 
, . ---
Radiometer AlB Preomp AlB 
Time Started 
-----
Voltage Open Circuit 
(Sheet 2 of 2 ) 
Time Ended 
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Temperature 250 C 
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Terminated with 16pf/100 K1s 
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2.5.2 Preamp Phase Matching 
This test is used to determine the phase match of the preamps. 
Set up equipment as indicated in figure 2.5.2-1(A}. Zero the vector voltmeter. 
Set up equipment as indicated in figure 2.5.2-1(8}. Vary the input frequency from 20 kHz 
to 3MHz while monitoring the phase difference on the vector voltmeter. Record the maximum 
pdsitive and negative excursions of phase. Repeat the above procedure in the mid and low 
gain modes. The total' phase discrepancy should not exceed 60 • 
Data from this test should be recorded on Test Data Sheet 2.5.2-1. 
Signal 
'Generator 
HP651 
IIA" I 
I 
.... 
"A" .... 
"A""A" .... 
--
I Preamp "A" 
I 
Preamp 118" I 
Figure 2.5.2-1 
ChannelllA" Vector 
Voltmeter 
Channel "8,," HP8405A 
MODE IIA" 
I ChannelliA Il 
Vector 
'" '," 
Channel "SII Voltmeter I HP8405A II 
MODE 118" 
C-25 
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1 j 
1 j 
1 
, 
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Test Data Sheet 2.5.2-1 
HELlOS RADIOMETER 
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Radiometer A/B Preamp-AlB 
Date Ti me Started 
----- -----
Preamp S/N and 
-------- --------
Phase Matching 
Test Conditions: 
Test Equipment Connections: 
(Sheet 1 of 2 ) 
Time Ended 
------
C-26 
1 
I 
I 
l 
1 
I 
1 
I 
I 
10. 
j 
I ~. 
II 
:ji' , 
\ ~., 
, , 
DQte 
------
'Test Data Sheet 2.5.2-1 
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Frequency 
20 kHz 
100 kHz 
500 kHz 
1 MHz I . 
I 
2MHz 
3 MHz 
Phase (Relativ~) 
@+60o e 
C-27 
2.5.3 Preamp Gain Matching 
The test is used to determine the gain match of the preamps. 
Set the equipment as indicated in figure 2.5.3-1. Starting in the high gain mode 
at 20 kHz, record the gain at octave intervals up to 3 MHz. Repeat in the mid and low gain 
modes. 
Change to the other preamp and repeat the above procedure. The gain plots of the 
two preamps should tra'ck to within 0.6 db across the frequency spectrum inal! gain modes. 
Data from this test should be recorded on Test Data Sheet 2.5.3-1. 
, I 
! 
Signal Ge~erator Preamp 
VTVM 
HP3400A 
HP651 
C-28 
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Radiometer AlB Preamp AlB 
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Preamp SiN and 
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Test Conditions: 
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(Sheet 1 of 2 ) 
Time Ended 
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Radiometer AlB Preamp AlB 
Date Time Started Time Ended 
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Preamp SiN . and __ _ 
Gain Matching 
Frequency 
120kHz 
I 
100 kHz 
5001kHz 
I 
I 
l!MHz 
2 MHz 
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Temperature 
+6Oo C 
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2.6 Post Detection Time Constant 
The test is used to determine the time constant of the output card PC..;729. Set 
up equipment as indicated in figure .2.6-1. Inject a 100msec pulse at a repetition rate of 
approximately 5 pps into the input of the log amp. Note the output waveform, it should 
indicate a time constant of 8.2 msec. 
Data from this test shall be recorded on Test Data Sheet 2.6-1. 
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-Ground I 
RadiomctG' Support 
Unit 
To To AO 
Log Amp Input • 
. _- - or 
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I B Ou t 
I I 
,. j 
I 
I Pulse 
I 
I 
Genergtor . Oscilloscope 
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Post Detection Time Constant 
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Test Conditions: 
Test Equipment Connections: 
(Sheet 1 of 2 ) 
Time Ended 
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Test Dota Sheet 2.6-1 
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Time Constant 
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2.7 Output Voltage Stability 
The output voltage stability may be mea~ured by monitoring the A out or Bout ! 
I 
I 
ia'cks of the ground support unit. Data from this test shall be recorded on Test Data Sheet 2.7-1. 
I 
2.8 Power Consumption 
The :r 6 VDC power consumption may be read directly from the front panel meters. 
The +12 VDCpower consumption may be measured by inserting a current meter into 
the line between Pins .31 and 32 of J2 on the Radiometer and Pin 23 of J3 on the ground 
support unit. Data from this test shall be recorded on Test Data Sheet 2.8-1. 
2.9 PJ:ecalibration 
This test is used to determine the functional capability of the Radiometer system. 
Set up the equipment as indicated in figure 2.9-1. Set the ground support unit 
i 
up for manual operation. Turn on the noise source and adjust the manual attenuation for 
I 
-pOdb. Note the residual level. Adjust the manual attenuation to -100db and note the 
i 
level. Keep reducing the attenuation in 10db steps while noting the output level. There 
should be a I inear change in output for a log change in input level until the output reaches 
approximately 4.5 volts. At this point, the Radiometer should go to range two. Continue 
i 
dkcreasing attenuation through ranges two and three until saturation is reached (approximately 
,j • 
i 
5.0VDC). A dynamic range of approximately 90db should be obtained. Repeat the above 
. 0 
procedure on Channels 5, 10, and 16 att~mperaturesof 250 C,,+600 C, and .. ~O C. 
Data from this test shall be recorded on Test Data Sheets 2.9-1. 
Precalibration is used only when calibration with the computer is anticipated. 
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Output Voltage Stability 
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Test Conditions: 
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Output Voltage 
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2.10 CALIBRATION PROCEDURE FOR EXPERIMENT 5C WITH COMPUTER 
2.10.1 Internal Calibratiqn 
, 
Radiometer A 
Select command 09 
Press the "Execute Command" key 
Select command 01 (reset) 
Press the "Execute Command" key 
Select command 20 . 
Press "Execute. Command" key 
The computer will store the test data on magnetic tape. At the end of the calibration 
cycle, the computer will stop data storage and print all data which has been stored. 
Radiometer B 
Select command 10 
Press the "Execute Command" key 
Select command 01 (reset) 
Press the "Execute Command" key 
Select command 20 
Press "Execute Command" key 
The computer will provide data stoH:tge during the calibration cycle and a print 
out after all test data has been accumulated. 
2.10.2 C~libration with Externo! Inputs 
Radiometer A 
Set the bit-rate 1024 
T,-,rn on the Experiment 5C 
I 
Turn on the DPU 
S,elect command 01 (reset) 
P:ress the "Execute Command" key and wait for 20 seconds 
S!elect command 10 (Radiometer B) 
Press the "Execute Command" key and wait for 20 seconds 
Select command 09 (Radiometer A) 
Press the "Execute Command" key 
. C-47 
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The computer stores input amplitude versus output amplitude. Each of the 16 channels 
ismonitored 16 times at each input level. The experiment input level is increased 3dbafter 
the 16 frequencies have been monitored. This process continues automatically until the radio-
m!o':lter has been calibrated at 16 frequencies with 129db to Odb in 3db increments. At the end 
of one complete sequence, the computer will automatically stop data acquisition and will print 
all data for Radiometer A. 
Radiometer B . 
Select command 10 
Press the "Execute Command" key 
The computer accumulates and prints the Radiometer B data in the same fashion as 
. if did for Radiometer Ao 
2.10.3 Environmental Calibration 
Install the unit in a temperature chamber and make all necessary electrical 
connections. 
Stabilize chamber at _200 C. Repeat Tests 1 and 2. One must turn the 
chamber control off while data is accumulated. Noise· created by the chamber 
control circuitry can cause interference which may produce false readings. At 
the end of each data accumulation period, turn the chamber on and allow at least 
I 15 minutes for restabil ization. 
Stabil ize chamber at 00 Co Repeat Tests 1 and 2. 
Stabilize chamber at +400 C. Repeat Tests 1 and 2. 
Stabilize chamber at 4600 Co Repeat Tests 1 and 2. 
C-48 
1 
I j 
J 
I 
1 
J 
. ,~ 
; 
.J 
1
· . 
. ! 
, 
i 
~ : ~ ; 
i 
I' 
;! 
; f 
I 
iIi. 
I l ' 
·L 
1: 
f ; 
l 
L 
3.0 MECHANICAL TESTS 
Each unit shall be weighed on a Double Beam Balance. The units shall have 
covers applied where applicable bu~ shall be less connectors. 
Data from this test shall be recorded on Test Data Sheet 3.0-1. 
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Mechanical Tests 
Weight (grams) 
I_-=-_=-_~ 
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Radiometer 
I Pr~amp __ _ 
i 
Pr$amp 
i ---
I 
Pr~amp Housing 
I 
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Test Data Sheet 3.0-1 
HEllOS RADIOMETER 
---
Radiometer A/B Preamp A/B 
Time Started 
-----
Unpotted 
pefore preamp is installed 
i 
Preamp Housing 
after preamp is installed 
(Sheet 1 of ) 
---.; 
Time Ended 
Potted 
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PART V 
~ommand 
Reset 
Frequency Bit -.0 
, 
FrJquency Bit - 1 
I 
I 
Frequency Bit - 2 
I I • 
Fr~quency Bit - 3 
I 
I • MODE Bit - 0 
MODE Bit - 1 
MODE Bit - 2 
RADIOMETER A 
I 
I 
RADIOMETER B 
Calibrate 
COMMAND FUNCTIONS 
EXPERIMENT 5C 
Command No. 
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Time _ 
Operational Discrepancies 
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APPENDIX ~ 
I 
CALI BRA TlO N 
D-1 
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1 , 
1.0 CALI BRA TlON 
Calibration of the Radiometers was done differently on each unit. 
The fl ight 1 Prototype was cal ibrated at GSFC using the Hel ios Computer. This 
data is available at G SFC. 
The FI ight 2 Prototype was hand cal ibrated at WTA. The data was del ivered 
with the equipment. 
The Flight 1 and 2 units were hand calibrated at WTA. The data is on data 
sheets included in the log books previously delivered • 
... 
D-2 
1 
I 
1 
1 
